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CELLULAR COMMUNICATIONS SYSTEM single linear power amplifier 24 as shown in FIG. IB. The 

WITH SECTOREATTON output of power amplifier 24 is applied through duplexer 25 

to antenna 26, to be broadcast into the cellular area serviced 

This is a division of application Ser. No. 08/204,660, bv the base station, 

filed Mar, 2, 1994 U.S. Pat No. 5,627,879, which is a 5 Signals received in antenna 26 are applied through 

continuation-in-part of U.S. application Ser. No. 08/183, duplexer 25 to filter 27. Filter 27 isolates the entire cellular 

221, filed Jan. 14, 1994, now abandoned, which is a signal from adjacent bands and applies it to receivers 

continuation-in-part of U.S. application Ser. No. 08/068, 28. one for each channel The analog voice signal outputs of 

389, filed May 28, 1993, now abandoned, which is a receivers 28 are applied to circuit 22. Base station 20 may 

continuation-in-part of U.S. application Ser. Nos 07/946 io ^ tio ^ v mclu <k * <Kversity ^ 

402, 07/946,964, 07/946,931, and 07/946348, all filed Sep! ^versity filter 27 and a plurality of diversity receivers 28*, 

17, 1992, all of which are now abandoned. ? fle for each associated main receiver 28. Where 

implemented, the outputs of diversity receivers 28 f are 

FIELD OF THE INVENTION applied to circuit 22, which would thus include circuitry for 

This invention relates generally to high capacity mobile * !±S ? JS?*- V * 

communications systems and more partoiMy to a digital T7 , i ^ ZT* 

microceUular communication system. U . *7 P°PU&ted urban areas, the capacity of a 

* conventional system 5 is severely limited by the relatively 

BACKGROUND sma11 number of channels available in each cell 11, 16. 

a j* l it t *_ « . 20 Moreover, the coverage of urban cellular phone systems is 

Aconvenuonal cellular phone systems is shown in FIG. limited by blockage, attenuation and shadowing of the RF 

1A S uch system are curren^ in widespread use in the signals by highriTes and other structures. This can also be 

UmtedStates AsjUus^ a problem vdtti respect to suburban office buildings and 

number of channel sets distributed among the base stations complexes ^ 

12, 13 serving a plurality of cells 11, 16 arranged in a ;.,™J„<.„ ^ •„ . „ 

predetermined reusable pattern. Typical cell arefs range 25 ^J^^ VfL * ^ T* ^ 

from 1 to 300 square miles. The larger cells typically cTer SSl Z^T^.^ " ^ ^ 

rural areas andTmaller cells coveruiban areaf cSIteia "£E £S£T Subdivision can be accom- 

sites utilizing the same channel sets are spaceTbyTS ^^Sl^^T^ « * ** 

St^bly^™ — - ^^^S^^JS^ 

a u-i via- ,1. , , tion to capacity and coverage problems, it can be difficult to 
A mobile unit 10 m a cell 11 has radio telephone trans- find space at a reasonable cost to install conventional base 

ceiver equipment which communicates with similar equip- station equipment in each microcell. especially in densely 
ment in base station sites 12. 13 as the unit moves from cell populated urban areas. Furthermore, maintaining a large 

tocelL Each base station 12, 13 relays telephone signals 35 number of base stations spread throughout a densely popu- 

between mobile un* s 10 and a mobile telecommunications lated urban area can be time consuming and uneconomical. 

ST ^SflfESli 7tSr T? ^TT^c^ ^T&T has proposed a system to solve the problem of 

£i mi b f een a «f ^ and ^ MTSO 17. coverage in urban areas without having to deploy a large 

typcally Tl lines ca^separa^e voice grade circuits for number of conventional base stations. The syrtemis shown 

each radw channel eqwpped at the ceU site, and data circuits «, described with respect to FIG. 1 of AT&T's European 

forswrtcbingandomerc^ Patent Apphcation N 7o391 597. published oVocTS 

also connected through paths 19 to a switched telephone 1990 . fothat system a grid of anteLs siS^is^Saced 

nettrork 15 indudujg fixed subscriber telephone stations as throughout the mia<xXar system. An optical fiber net- 

tZJ^r teleph ° ne SmtChUlg ° mceS - work42 interconnects the antennas with thebase station 44. 

MTSO 17 in FIG. 1A includes a switching network for 45 Optical wavelength carriers are analog modulated with RF 

establishing call connections between the public switched mobile radio channels for transmission through the optical 

telephone network 15 and mobile units 10 located in cell fiber network 26 to the antennas sites 22. A detector circuit 

sites 11, 16, and for switching call connections from one cell 27 is provided for each antenna site 22 to receive the 

site to another. In addition, the MTSO 17 includes a dual modulated carrier and reconstruct an RF signal to be applied 

access feeder for use in switching a call connection from one 50 to the antenna sites 22, for transmission into the microcell 

cell site to another. Various handoff criteria are known in the area 21. RF signals received at antenna sites 22 from mobile 

art and utilize features such as phase ranging to indicate the units are likewise modulated onto a fiber and transmitted 

distance of a mobile unit from a receiving cell site. back through optical fiber network 26 to base station 25. All 

tnangulation, and received signal strength to indicate the of the channels transmitted from base station 25 are distrib- 

^desirability of a handoff. Also included in the 55 uted to all antenna sites 22. Also, all the channels transmitted 

MTSO 17 is a central processing unit for processing data from the base station 25 can be received from the mobile 

received from the cell sites and supervisory signals obtained units in any microcell 21 and transmitted via optical fiber to 

from the network 15 to control the operation of setting up base station 25. 

and taking down call connections. The above .described AT&T system has certain limita- 

A conventional base station 12 is illustrated in FIG. IB. A 60 tions. The ability to analog modulate and demodulate light, 

radio controller unit 22 provides the interface between the the limitations imposed by line reflections, and path loss on 

Tl lines from the MTSO and the base station radio equip- the fiber all introduce significant distortion and errors into an 

ment Transmitters 23, one for each channel serviced by the analog modulated signal and therefore limit the dynamic 

base station, are driven by circuit 22, which supplies each range of the signals which can be effectively carried via an 

transmitter with an analog voice signal Next the signals are 65 analog system, especially in the uplink direction. These 

passed to a separate nonlinear power amplifier for each factors limit the distance from the base station to the antenna 

channel, or the signals may be combined and applied to a sites. 
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Moreover, in AM systems an out-of-band signal is second set of filters receives the diversity signal from the 

required to transmit control and alarm information to and diversity antenna. The diversity signal is also applied to an 

from the antenna sites, again adding to the expense of the analog-to-digital converter. The digitized main signal and 

modulation and demodulation equipment Moreover, provi- diversity signal are multiplexed and transmitted over the 

sion of other services such as paging systems, personal 5 optical fiber back to the microcell base station. The base 

communications networks (PCN's) or mobile data services station in turn includes a pair of digital-to-analog converters 

are not easily added to analog AM systems such as that which reconstruct the main and diversity analog RF signals 

shown in AT&T's European appUcation. for application to the receivers. The strongest signal is 

Furthermore, the AT&T system teaches the use of dedi- selected for use in accordance with conventional diversity 

cated fiber lines installed for each remote antenna site. It 10 technology. Conventional circuitry interfaces the transmit- 

would be desirable if preexisting transmission lines or fiber te* an(i receivers to the MTSO. 

paths could be utilized so that installation of new fibers Thus, the exemplary embodiment outlined above contem- 

could be avoided. plates that the microcell base station/antenna unit pairs are 

Another approach to increasing coverage is disclosed in arranged to provide a reusable pattern of channels (as in 

U.S. Pat No. 4,932,049 to Lee. The Lee patent describes a 15 conventional cellular technology) in the microcell system, 

"passive handofF system wherein a cell is subdivided into The microcell base station units do not normally include an 

several zones, with a directional antenna oriented to cover antenna, and can be located in a convenient and preferably 

each zone. All the antenna's in the cell are serviced by the low cos* location, which may be outside of the microcell 

same set of transmitters and receivers. A zone switch is used system territory if desired, 

to selectively connect the transmitters and receivers to the 20 According to another exemplary embodiment the inven- 

antenna units. In operation, the antenna best able to service tion may be deployed to extend the coverage in a conven- 

a mobile unit on a given channel is connected to the tionalcelL In this embodiment, the base station may include 

transmitter/receiver pair assigned to the mobile unit by the an antenna for transmission and reception of analog RF 

MTSO, and the other antennas disconnected from that directly from the transmitters and receivers, while at the 

transrmtter/receiver pair. To control the switching of trans- 25 same time transmitting and receiving from a microcell 

mitters and receivers to the antennas, a scanning receiver antenna unit using the digital carrier over a fiber as described 

continuously polls the strength of signals received at the with respect to the first exemplary embodiment, 

antenna units on all active channels in the cell. The zone According to another exemplary embodiment of the 

having the best receiver signal strength is selected as the invention, the digitized microcell traffic is carried in a frame 

active zone for the associated channel The system disclosed format to and from the antenna units. Each frame includes 

in the Lee patent thus allows for improving communications a plurality of bits assigned to carry a sample of the digitized 

with mobile units while at the same time reducing interfer- microcell traffic, with other bits employed for control and 

ence with other cells by directionalizing and limiting overall monitoring of equipment error detection and correction, and 

signal strength in a cell. ^ end-to-end point-to-point voice traffic between the base 

station and the antenna unit Alternate services such as 

SUMMARY OF THE INVENTION personal communications network traffic, paging services 

The present invention provides improved coverage and and mobile data services may also be carried using the 

increased capacity by assignment of reusable channel sets framing format 

throughout the microcell system, without the need to deploy ^ According to yet another exemplary embodiment of the 

independent conventional base stations in each microcell invention, the fiber carrier may be replaced with cable or 

area. It also provides good dynamic range over extended other carrier medium, 

distances as compared to analog systems such as the AT&T According to still anther exemplary embodiment the 

system described above. invention can be deployed to distribute a single set of 

According to one exemplary embodiment of the present 45 channels to a plurality of microcell areas. In this 

invention, there is provided a microcell system wherein a embodiment, a single base station unit sends the same set of 

plurality of commonly located microcell base station units digitized channels to a plurality of microcell antenna units, 

communicate with a corresponding plurality of microcell which in turn return the same set of channel signals to the 

antenna units deployed in respective microcell areas. Each microcell base station. 

base station unit includes conventional RF base station 50 Therefore, the invention eliminates the problems associ- 
transrmtter and receiver pairs, one for each channel assigned a ted with analog AM (or FM) systems, such as that ilius- 
to the microcell. Additional receivers are also provided to trated in the above-mentioned AT&T application, by using a 
receive diversity channels. The RF signal outputs from the digital transport resulting in better signal quality and for 
transmitters are combined and applied to a broadband greater range between a base station and a microcell antenna 
analog-to-digital converter. The digitized signal is transmit- 55 unit. As employed in one exemplary embodiment the inven- 
ted over optical fiber to a microcell unit Each microcell unit tion greatly increases system capacity over existing mobile 
receives a digsihjed RF signal and reconstructs the analog telephone systems without the requirement of deploying 
RF signal using a digital-to-analog converter. The recon- conventional base station equipment in each microcell area, 
structed RF signal is applied to a power amplifier, the output and allows for provision of alternative services such as 
of which is fed to an antenna for broadcast into the microcell 60 paging systems, mobile data services or personal commu- 
area. ideation networks. The present invention also improves the 
The antenna units include both a main and a diversity dynamic range of the signal and extends the distance signals 
antenna. The antennas each independently receive RF sig- may be reliably transported from the base stations to the 
nals from the mobile units. The RF signal from the main antenna units. In another exemplary embodiment the inven- 
antenna is filtered through a first set of filters, one for each 65 tion provides readily for the transmission of control and 
channel assigned to the microcell, and the combined filtered monitoring information to and from the microcell antenna 
main signal applied to an analog-to-digital converter. A unit 
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To provide additional advantages, an exemplary all- cell or PCN traffic, is framed for transmission over a 
digital embodiment of a microcell system is also provided switched telephone network. In this embodiment a limited 
wherein a plurality of commonly located digital microcell number of digitized microcell or PCN channels are grouped 
bas^station umts commumcate w^ a corresponding plu- together, in a standard frammgfornmt for transinission using 
rality of microcell antenna unite deptoyed in respective 5 a standard DS-3, OC-1, or omer protocoL § 
microcell areas. According to this all digital embodiment T . F 

me base stations are fully digital and synthesize a digital In yet another alternate, exemplary embodiment digitized 
signal directly from the Tl carrier received from the MTSO. nucroce11 or PCN transmitted over the 

The digital signal is transmitted over optical fiber to the instaUed fiber nifrastructure of a cable system from the head 
microcell units. The microcell units receive the digital end t0 me °P^cal nodes, in an amplified modulated (AM) 
signal, and construct an analog RF signal using a digital- 10 format * 

to-analog converter. The RF signal is applied to a power A still further exemplary embodiment contemplates the 
amplifier, the output of which is fed to an antenna for transmission of (he microcell or PCN traffic in digital form 
broadcast into the microcell area. The antenna units receive over the cable system feeder lines, using QAM modulation 
RF signals from the mobile units. The RF signal is filtered or other digital modulation formats 
through a ^ of filters one for each channel assigned to the ™ Thus, according to these embodiments, microcell or PCN 
microcell and the filtered signal applied to an analog-to- channels My beWmitted over an established swifcfced 
digital converter. The digitized signal is transmitted over the „ . . -7 . " *wiicucu 

optical fiber back to mf digital microcell ^ Z^nt netW0 * USmg ^ bhshed ^ stcm in&astmcture * 
base station in turn directly synthesizes the digital signal According to still another embodiment of the invention, 
onto the Tl carrier back to the MTSO. Conventional cir- 20 * ffc h provided a passive handoff system using digital 
cuitry interfaces the transmitters and receivers to the MTSO. signal analysis to rapidly switch transmitters and receivers 
Thus, mis exemplary embodiment contemplates that the among different antenna units in different microcell zones of 
microcell base station units are fully digital and eliminate a ^lL 

the need for RF equipment at the base station as well as for According to yet still another embodiment of the 
analog-to-digital and digital-to-analog converters, thus pro- ^ invention, there is provided decimation filters for digitally 
viding the opportunity to reduce both the cost and volume of filtering out a selected number of channels from the digital 
equipment required at the base station site, and to reduce stream output from the analog-to-digital converter, and 
mainte^nce needs on inherently less reliable analog equip- multiplexing the selected channels onto one or more lower 
ment Hie digital microcell base station units can be located speed carriers, such as a Tl line or SONET carrier, 
in a convenient and preferably low cost location, which may „ rt a~w^w +~ ^ *u , _ ^ 

. - 1 . V_ ' * \ . " 30 According to yet still another embodiment of the 

be outside of the microcell system territory if desired . . , lu^uvm w W1V 

a 4u~* w u 11 / ^ T l , „ invention, a passive switching method is described for use in 

A method which allows for the rapid deployment of a a cellular phone system having a plurality of macrocells 
system of fee type using analog-type base stations while including a first macrocell, each macrocell sharing a com- 
V^Mmg the easy upgrade of such base stations to all mon ^ of channels, the method comprising the steps of 
digital technology is also provided The method's first stage 35 providing a plurality of primary andleconLy microcell 
calls deploying a plurality of microcell base station units antenna units; dividing the first macrocell into a plurality of 
as described above, each including conventional RF base microcells, wherein the step of dividing includes 

station transmitters and receivers, one for each channel placing the primary microcell antenna units so as to provide 
assigned to the rmcrocelL coverage over the first macroceU; providing a plurality of 

In the second stage of deployment, the analog base 40 secondary microceU antenna units; placing the secondary 
stations are replaced with all-digital base stations wherein microceU antenna units to provide macroceU coverage over- 
the base stations are folly digital and synthesize a digital lapping the primary miaocells; at a base station, generating 
signal directly from the Tl carrier received from the MTSO. a digitized representation of a telephone signal received 
The digital signal is transmitted over optical fiber to the from a mobile telephone switching office, selecting a micro- 
microcell antenna units instaUed in the first stage of deploy- 45 cell from said plurality of primary and secondary microcells 
ment The microceU antenna units receive the digital signal and transmitting the digitized representation to the microceU 
and construct an analog RF signal using a digital-to-analog antenna unit of the selected microceU; receiving, at the 
converter. The RF signal is applied to a power amplifier, the selected microceU, the digitized representation, generating a 
output of which is fed to an antenna for broadcast into the corresponding RF signal by digital-to-analog conversion, 
microceU area. The antenna units also receive RF signals 50 and broadcasting the RF signal in the selected microceU; 
from the mobile units. The RF signal is filtered through a set receiving RF signals in each of the pluraUty of primary and 
of filters, one for each channel assigned to the microcell and secondary microceUs for the set of channels, and converting 
the filtered signal appfied to an analog-to-digital converter. the RF signals received to corresponding digitized RF signal 
Hie digitized signal is transmitted over the optical fiber back representations for transmission back to the base station; at 
to the digital microceU base station. The base station in turn 55 the base receiving the digitized RF signal representations 
directly synthesizes the digital signal onto the Tl carrier from the primary and secondary microceUs; and monitoring 
back to the MTSO. the digitized RF signal representations from each of the 

Thus, the exemplary embodiment outlined above contem- primary and secondary microceUs and based on the energy 
plates that the antenna units instaUed in the first stage do not level of each channel in each zone, selectively controlling 
need alteration or replacement when the analog microceU 60 the channels broadcast into each of the primary and second- 
base station units are replaced with aU digital microceU base ary microceUs and selectively choosing the microceU from 
stations. The method thus aUows the fuU benefit of the the pluraUty of primary and secondary microceU in which a 
all-digital base station to be accompUshed without the received channel is received so that passive switching may 
expense of modifying existing instaUed microceU antenna be accomplished. 

units * . 65 According to yet stiU another embodiment of the 

According to yet another alternate, exemplary mvention,amemodofse<*orizmgc0veiage w 
embodiment, the digitized RF signal carrying either micro- ceUular communications area is described, the method com- 



5,852,651 

7 8 

prising the steps of providing a remote unit having a FIG. 12 is a simplified illustration of an alternate embodi- 

piurality of microcell antenna units, including a first and a ment of the microcell communication system according to 

second microcell antenna unit wherein each microcell the present invention; 

antenna unit comprises an antenna configured to cover a FIG. 13 is a functional block design of the alternate 

particular sector and a channel filter unit used to filter 5 embodimettt 106* of the system of FIG. 12; 

channels assigned to the particular sector; connecting the jqg 14 is another alternate exemplary embodiment of the 

remote unit to a sectorized base station unit, wherein the step nucroceli communication system of the present invention; 

of connecting co^es providing a unique sector fire- F£G. 15 illustrates yet another alternate exemplary 

quency associated with each antenna unit sector, connecting embodiinent of ^ invent ion wherein alternate services, 

the sectorized base station unit to a mobde tole«)mmunica- 10 such ^ communication network (PCN) traffic and 

tions switching office; generating at the sectorized base ^ h multiplexed ^ ceUular system traffic; 

station unit, a digitized representation of a telephone signal z~z . . "T, , ^ . „ . 

received from the mobile telephone switching office; trans- ™?. 16 18 a SHD £ Med ^tOataoa of a pnor art cable 

mitting the digitized representation to the microcell antenna television system infrastructure; 

unit for a particular sector, receiving, at the first microcell is mG - 17 is a simplified block diagram of an alternate 

antenna unit, a first RF signal, digitizing the first RF signal exemplary embodiment of the invention, wherein cable 

and converting the digitized first RF signal to a first sector system infrastructure is used to transmit digitized RF to and 

frequency; receiving, at the second microcell antenna unit a from a nucrocell location; 

second RF signal, digitizing the second RF signal and FIG- 18 is a block diagram of a base station unit of the 

converting the digitized second RF signal to a second sector 20 exemplary embodiment of FIG. 17; 

frequency; and multiplexing the digitized first RF signal at FIG. 19 illustrates the head end unit located at the head 

the first sector frequency and the digitized second RF signal end of the cable system of the exemplary embodiment of 

at the second sector frequency and transmitting the multi- FIG. 17; 

plexed signal to the sectorized base station. FIG. 20 is a more detailed block diagram of the AM 

„ rinrtl , 1IwrmT „ mm M 25 modulator/demodulator, located in the head end of the cable 

BRIEF DESCRIPTION OF THE DRAWINGS system of ^ exemplaiy embodiment of FIG. 17; 

A more complete understanding of the invention and its FIG. 21A is a more detailed block diagram of analog-to- 
various features, objects and advantages may be obtained digital converter 132, as used throughout the various 
from a consideration of the following detailed description, embodiments in the invention; 

the appended claims, and the attached drawings in which: 30 FIG. 21B is a more detailed block diagram of digM-to- 

FIG. 1A is a functional block diagram of a first prior art analog converter 144 as used throughout the various 
mobile communications system; embodiments of the invention; 

FIG. IB is a functional block diagram of a prior art base FIG. 22 is an alternate preferred framing structure for the 
station; 35 embodiment of FIG. 2 of the present invention; 

FIG. 1C is a functional block diagram of a prior art FIG. 23 is yet another alternate preferred framing struc- 
microcell mobile communications system; ture for the embodiment of FIG. 2 of the present invention; 

FIG. 2 is a simplified block diagram of an exemplary FIG. 24 is a more detailed block diagram of the microcell 
embodiment of the microcell communications system of the remote unit to be positioned at the optical node in the cable 
present invention; 40 system embodiment of FIG. 17; 

HG.3is amoredetaiiedblockdiagramof thebase station mG - 25 ^ an illustration of the amplitude modulator as 
embodiment shown in FIG. 2; used w fte embodiment of FIG. 17; 

HG.4isamored^ailedblockdiagramofmer«sestadon ma 26 is a more ^tailed iHustration of the amplitude 
shown in FIG. 3- demodulator, as used in the embodiment of FIG. 17; 

FIG. 5 is a more detailed block diagram of the frame 45 FIG. 27Ais an illustration of a base station of an alternate 
generator/multiplexer 134 shown in FIG. 4; exemplary embodiment of the system illustrated in HG. 17, 

_™ , . v<c , * ^ . wherein the RF microcell or PCN signal is digitally modu- 

FIG. 6 is a simplified diagram of the structure of one ^ & j 

exemplary data frame; * 

111 _ . „ ^ ^ , FIG. 27B is an illustration of an alternate embodiment of 

na7isadiagramofmestmctoeofanoto 50 the system illustrated in FIG. 17, wherein the RF microcell 

data trame; or PCN signal is digitally modulated; 

FIG. 8 is a functional block diagram of a microcell FEG. 2$ is a further lustration of the alternate embodi- 

antenna umt according to the exemplary embodiment shown ment ^ u mod ulation; 

in FIG. 2; FIG. 29 further illustrates the construction of the optical 

FIG. 9 is a functional block diagram of the demultiplexer 55 no de m me digital modulation embodiment; 

142 and associated interfaces of FIG. 4; ia At ******* ^ 

FIG. 30 is an overview diagram ot yet another exemplary 

FIG. 10 is a functional block diagram of an all-digital embodiment wherein digitized microceU or PCN RF traffic 
exemplary embodiment of the invention; is framed md transmitted over a switched telephone net- 

FIG. HA is a more detailed block diagram of the system ^ work; 
illustrated in FIG. 10; FIG. 31A is a more detailed block diagram of the base 

FIG. UB is an alternative embodiment of the system station units of the embodiment of FIG. 30; 
illustrated in FIG. 11A; FIG. 31B is an alternate exemplary embodiment of the 

FIG. 11C is yet another alternate embodiment of the base station units of the embodiment of FIG. 30; 
system illustrated in FIG. 11A; 65 FIG. 32A is a more detailed block diagram of the analog- 

FIG. 11D is still another alternative embodiment of the to-digital converter and framing circuits of the base station 
system illustrated in FIG. 11A; units illustrated in FIG. 31A; 
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FIG. 32B is a more detailed block diagram of the analog- within each microcell area 100 is a microcell remote antenna 

to-digital converter and framing circuits of an alternate unit 102. Such units may be deployed on the roof of a 

exemplary embodiment of the base station units illustrated building or within a building, or on or in other structures. For 

in FIG. 31B; example, a microcell antenna unit 102 may be deployed on 

FIG. 33A is a more detailed block diagram of the remote 5 floor of a building on or adjacent an antenna tower, or 

antenna units of the system illustrated in FIG. 30; along a highway corridor. 

FIG. 33B is a more detailed block diagram of an alternate Remote antenna units 102 are connected through fiber 104 

exemplary embodiment of the remote antenna units of the (or optionally another high bandwidth carrier) to respective 

system illustrated in FIG. 30; base station units 106. Base station units 106 are interfaced 

FIG. 34 illustrates yet another exemplary embodiment of 10 toMT SO U# over Tl lines 112. MTSO 110 is interfaced 

the invention wherein digitized RF signals are transmitted ^ a switched telephone network 120, as in a conventional 

over a switched telephone network and a cable system; and cdlular I^ one system Microcell base station units 106 are 

FIG. 35A is an overview functional block diagram of an m a ^ location 114. Such location 

exemplary embodiment of a microcell coinmunications 15 ™ V be 11 mS1 * 5 or K outslde of &e « b ? te 

system, having passive handoff capability according to the ™Tf f but . m my event 13 P referabl y °° nv * 

present invention; niently located for maintenance purposes. 

FIG. 35B is a more detailed block diagram of an exem- ******* *w *> FIG. 3 there is shown a simplified 

plary base station unit 114' of the system of 35 A according djag T ° f * ft StotK>n 1§6 accordiflg t0 one 

to the present invention; 20 exemplary embodment of me invention. Base sta- 

xtt^ , 4 . .„ . „ tion 106 mcludes conventional transmitters and receivers 23 

ITO 35C is a schematic lustration of the movement of md 28, respectively, and conventional radio controller or 

a mobile unit from one zone tQ another; interface circuitry 22 to the MTSO 110. A digital transmitter/ 

FIG. 36 shows an exemplary embodiment of digital receiver unit 130 receives the combined RF signal from 

transmitting/receiving unit 130" of the system of FIG. 35A; transmitters 23, digitizes the combined signal and transmits 

FIG. 37 illustrates an exemplary embodiment of control- 25 it in digital format over fiber 104A connected to a remote 

ler 810 of the system of FIG. 35A; antenna unit 102. Unit 130 also receives a digitized RF 

FIG. 38 is a simplified block diagram of the operation of signal over fiber 104B from a remote antenna unit 102, 
controller 810 of the system of FIG. 35A* reconstructs the corresponding analog RF signal, and applies 

FIGS. 39A, 39B, 39C and 39D are still other alternate 30 i ttorec ^ ivers ^ A^Ti^gly,com^^ equipment nmy 
exemplary embodiments of passive handoff systems with £ USe l- ^ ^ doWns *™? <MKO) side of digital 
all-digital base station units; transmimng/receivmg unit 130. 

FIG.40isanaltemateembodimentofthesystemofnG. J^tS"*, *™ * ^ J\ is * hown ^ ital 
35 B . * transmitting/receiving unit 130 in greater detail. Unit 130 

w-c ai a Am ™a Am , ^ * 35 includes a broadband digitizer 132 receiving the combined 

FIGS. 41A, 41B and 41C are exemplary embodiments of rf signal from transmitters 23. Digitizer 132 provides a 

redundant microcell coverage; digitized microcell traffic stream, consisting of V series of 

FIG. 42 is a simplified block diagram of an exemplary samples of the incoming analog RF signal. Frame generator/ 

embodiment of a sectorized microcell communications sys- multiplexer 134 frames the digitized microcell traffic data, 

tern according to the present invention; m together with control, voice and error checking data, and 

FIG. 43 is a more detailed block diagram of the base applies it to a digitally modulated laser 136. The voice data 

station embodiment shown in FIG. 42; channel, also termed the order wire channel, originates from 

HG- 44 is a more detailed block diagram of the remote order wke interface 135, which has an input for a handset 

unit embodiment shown in FIG. 42; or a two-wire phone line. Order wire interface 135 

FIG. 45 is a more detailed block diagram of one example 45 provides for two-way po^ grade cornmuni- 

of a channel filter unit which can be used in the remoTunit a handset is used at the remote site to 

shown in FIG 44' connect with a handset at the base site. Control signals 

vrn ah • i* * . . ^ , . originate from control/alarm circuit 131, which generates 

HG 46 is an alternate ^embodiment of the base station control information for the remote antenna unit 102 to 

embodiment shown in FIG. 42; and ^ monitor error and alarm information. 

^5 47 ? f ^^^ odinient <> f &e remote unit The laser signal from digitally modulated laser 136 is 

embodiment shown m FIG. 42. applied to fiber 104Afor transmission to the corresponding 

DETAILED DESCRIPTION OF THE remote antenna unit 192 * According to one possible 

PREFERRED EMBODIMENTS embodiment, digitizer 132 pref erably provides a 24 bit wide 

55 word (parallel structure sample) running at 30.72 

In the following detailed description of exemplary MegaSamples/second (MSamples/s). The frame generator/ 

embodiments of the invention, reference is made to the multiplexer 134 converts the 30.72 MSamples/s word to a 

accompanying drawings which form a part hereof, in which single serial bit stream running at 819.2 MegaBits/second 

like numerals refer to like elements throughout the several (Mb/s). 

views and which is shown by way of illustration only, a The digitizer 132 conditions the broadband RF signal by 

specific embodiments in which the invention may be prac- providing bandpass filtering sufficient to eliminate out of 

need, it is to be understood that other embodiments may be band signals, and sufficient gain adjustment to prevent 

utilized and structural changes may be made without depart- overloading of the analog-tondigital converter. The analog- 

ing from the scope of the present invention. to-digital converter converts the conditioned broadband RF 

The general configuration of one exemplary embodiment 65 signal into a parallel bit stream, either by direct sampling at 

of the present invention is shown in FIG. 2. The microcell RF, or by sampling following down-conversion to baseband 

system includes a plurality of microcell areas 100. Deployed or to an intermediate frequency band. In the preferred 
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embodiment the digitizer is obtained from Steinhrecher of 48 information bits for full band coverage and diversity 

Corporation of Woburn, Mass., with sampling performed on capability, or for carrying additional services. It shall be 

a 12.5 MHz wide signal down-converted to either the first or understood that the present invention is not limited to these 

second Nyquist zone, with 12 bit sampling occurring at a or any other particular framing format, but rather that any 

rate of 30.72 MSamples/s. 5 format could be usedwithout departing from the scopeof the 

Unit 130 further includes a digital optical receiver 140. present invention. 

Receiver 140 outputs an electronic digital signal, which is To achieve synchronization with the parallel transfer 

applied to demultiplexer 142, which extracts the digitized word, the frame signal shown in FIGS. 6 and 7 runs at 8 19.2 

microcell traffic data generated at the remote antenna unit Mh/s (i.e. 32x25.6xl0 6 bits/secon<i=819.2xl0 6 bit/second). 

102, as will be explained further below. Demultiplexer 142 io (The bit rate and sampling rate for 40 MHz/48 bit or other 

further extracts alarm (monitoring) and voice information frame structure would change accordingly.) Synchronization 

framed with the microcell traffic data. The digitized micro- is achieved at the receiving demultiplexer 142 (162 in FIG. 

cell traffic signal is applied to digital-to-analog converter 8 described below) by searching for the frame pattern. 

144, which reconstructs the analog RF signal, to be applied Thirty-two individual frames are grouped into a superframe. 

to receivers 28. 15 One of the 32 frames has a bit sequence different from the 

The digital-to-analog converter 144 operates on the other 3 1 frames. Each frame byte is a balanced code having 

microcell traffic parallel bit stream extracted by demulti- an number of ones and zeros. The frame search is 

plexer 142, reconstructing a baseband replica of the broad- initiated by the demultiplexer 142 to find consecutive 

band RF signal digitized by digitizer 132. The baseband patterns, followed by a search for the unique bit sequence in 

replica is then up-converted to its original radio frequency 20 one or " me 32 frames. When the frame and superframe are 

by mixing with a local oscillator and filtering to remove f ound bv me ^multiplexer 142 (or 162), valid traffic pattern 

image frequencies. In the preferred emrxxiiment, the digital- or patterns result Framing methods of this type are well 

to-analog converter is obtained from Steinhrecher Corpora- known in the telecommunications arts, and those of skill in 

tion of Woburn, Mass., and operates at the preferred sample me recognize mat various alternate framing meth- 

rate of 30.72 MSamples/s. 25 odologies may also be used. Preferably, frame generator/ 

Referring now to FIG. 21A, there is illustrated in more ^luplexer 134 includes circuitry for scrambling the out- 
detail the broadband digitizer or analog-to-digital converter going ***** to P rovide f ° r me balanced line code preferred for 
circuit 132 in FIG. 4 and 170 in FIG. 8. Analog-to-digital fiber °P tic Emission. 

converter circuit 132 preferably includes a local oscillator Referring now to FIGS. 22 and 23, there are shown the 

132A, which applies its outyut to mixer 132B, which 30 dternate preferred framing structures of me emrx>dunent of 

receives the combined output from the transmitters 23. 2 - As shown in FIG. 22, the framing structure includes 

Mixer 132B reduces the high frequency microcell signal 12 bits of PCN/microcdl traffic, one framing bit, one bit of 

(approximately 850 MHz in the case of conventional cellular and m alarm-control/order wire channel, and four 

phone service or approximately 1.8 GHz in the case of PCN reserve bits. The framing structure in FIG. 23 is identical, 

traffic), to an intermediate (or baseband) frequency of 35 ^"spt *3 bits have been allocated to the PCN/microcell 

approximately 1 to 15 MHz (such that the 12.5 MHz traffic. Neither of these framing structures is designed to 

frequency fits between these limits) prior to application to accommodate diversity traffic, however, they could be so 

analog-to-digital converter 132C. expanded. The framing structures of FIGS. 22 and 23 

Illustrated in FIG. 21B is the digital-to-analog converter assumes a 12 bit sam P Un g at 30 72 Mtafc- The basic framing 

144andl64,ofnGS.4and8,re5pectively,wm^performs 40 Structure is ^ ^ts, which, when run at 30.72 Mb/s, results 

the reverse operation of analog-to-digital converters 132 and in arate of 552.96 Mb/s serial rate. As showninFIG. 22, one 

170. Digital-to-analog converter 144 includes a digital-to- J* 1 1S dedicated to framin g* Another bit is multiplexed 

analog converter 144A, which outputs an intermediate fre- ^tween alarm-control, and the order wire function, 

quency signal, which is up-converted with mixer 144B, ™ ese two blts acfaieve framin S and multiplexing by virtue 

using the local oscillator 144C. Up-conversion restores the 45 of me foUowm g sequence: 
operating frequency of the RF to the broadcast frequencies 
of the cellular or PCN systems. 

Referring now to FIG. 5, there is shown in greater detail 
the frame generatorymultiplexer circuit 134 according to the 50 
exemplary embodiment of the invention shown in FIG. 4. 
Circuit 134 includes a cyclic redundancy check (CRC) 
generator 155, which receives microcell traffic data from 
digitizer 132 and outputs a CRC code. 

According to one exemplary embodiment, framer/ 55 

multiplexer 154 multiplexes the CRC channel, microcell As illustrated above, the framing structure of this embodi- 

traffic, order wire (voice) channel and control (alarm) chan- ment contemplates that six frames make up a "super frame." 

nel into the frame structure illustrated in FEG. 6. Each frame The first four frames of each super frame include the 00, 01, 

includes a 12-bit microcell traffic word, a one bit CRC 10, 10 sequence. In the fifth frame, the framing bit is a 1, and 

channel, a one bit control-alarm/order wire channel and a six $o the other bit represents one bit of CRC code. In the sixth 

bit framing word. The control-alarm and order wire data are frame, the framing tit is a 1 and the other bit is an 

multiplexed together in a single channel. alarm-control/order wire channel bit 

FIG, 7 shows an alternate frame structure having 12 bits Preferably, the CRC code is 32 bits wide, so mat 32 

for the main antenna channel, 12 bits for 12.5 MHz coverage frames must be received in order to accumulate the entire 

of alternate service or diversity channel, a one or two bit 65 CRC code. Accordingly, errors are checked every 32 words 

CRC channel, 1 bit control-alarm channel and 6 bit frame of data. As in the case of the previously described framing 

word. Other possible framing structures could involve a total structure, a balanced line code is provided. 
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Referring now to FIG. 8, there is shown a block diagram All-Digital Embodiment 
of the remote antenna unit 102, according to the first 

exemplary embodiment of the present invention. A digital Referring now to FIG. 10, there is shown an alternate 

optical receiver 160 receives the optical digital data stream exemplary embodiment 200 of the present invention. Alter- 
transmitted from the microcell base station on fiber 104A. 5 nate embodiment 200 includes a remote antenna unit 102 as 

Receiver 160 converts the optical data stream to a corre- described with respect to FIG. 8. Remote antenna unit 102 

sponding series of electrical pulses, which are applied to * s connected to an all-digital microcell base station 210 

demultiplexer 162. Demultiplexer 162 extracts the microcell through fibers 104A and 104B. Microcell base station 210 is 

traffic and applies the 12-bit (or 13-bit) samples to digital- connected to an MTSO. 

to-analog converter 164. Converter 164 reconstructs the All-digital microcell base station 210 is shown in more 

analog RF signal and applies it to linear power amplifier 24. detail in FIG. 1LA Circuit 210 includes a Tl interface 202, 

Converter 164 is FeferaWy the same as di^toi-to-analog whidl extracts digitized voice channels carried by aTl line 

converter 144 described and shown above with respect to or other carrier from an MTSO and applies those channels 

i A rtj fiff ^K^fi to * e 26 m digits form to digital synthe sizer 211 Digital synthesizer 

through a duplexer 25. Accordingly, radio frequency signals , _ L TT; yu^^^. 

origmTtmg from transmit is 2 ™ T ^T?T 2* ^°^f±™- 
are transmitted from main antenna 26. Demultiplexer 162 vert f 132 * embodiment shown m HG - 4 
also extracts control signals for application to a control/ synthesizer 212 constructs, with digital logic or software, an 
alarm circuit 161. Order wire data is also extracted and equivalent to the digitized output of broadband digitizer 132 
applied to order wire interface 163 to provide two-way, f ? r application to frame generator/muluplexer 214. Synthe- 
point-to-point voice grade communication. 20 sis ^ accomplished, for instance, by electronic or 
RF signals received at main antenna 26 are passed software simulation of the generation of the analog tele- 
through duplexer 25 to filter 27. Power amplifier 24, phone signal and the modulation of the transmittal signal 
duplexer 25, main antenna 26 and filter 27 are conventional therewith. The simulated signal transmitter output signal can 
base station components, as are described with reference to then be directly represented in digital form that can be 
FIG. IB. The output of filter 27 is combined and applied to 25 processed to emulate the output of the A/D converter, 
a broadband analog-to-digttal converter 170 (of the same An alternate embodiment of the system of FIG. 11A is 
type as 144 described above with respect to FIG. 4), which shown in FIG. 11B. In the system of FIG. 11B, the synthe- 
digitizes the analog RF signal and applies it to a frame s izer 212' receives an analog input from radio controller 22, 
generator/multiplexer circuit 172. The output of circuit 172 and converts the analog output signals (corresponding to 
is applied to digitaUy modulated laser 174, which applies the ^ analog telephone signals) from me radio controller 22 into a 
corresponding optical digital stream to fiber 104B. Frame corresponding digitized traffic stream. In this process, for 
generator/multiplexer 172 is of substantially the same design example, synthesizer 212' can first digitize the individual 
as framer/multiplexer 34. It receives an alarm (or analog input signals, and then process mem digitally to 
monitoring) signal data stream from control/alarm circuit produce the digitized signal for delivery to units 106. On the 
161, and an order wire data stream signal from order wire 35 return path, digital demodulator 224 1 produces a plurality of 
interface 163. analog telephone signals compatible with the input to the 
Optionally, remote antenna unit 102 may include a diver- radio controller 22. Multiplexer 214 operates in the same 
sity antenna system 180. System 180 includes a diversity fashion as described with respect to frame generator/ 
antenna 26\ which applies its output to filter 27 and in turn multiplexer 134 described above with respect to FIGS. 4 and 
to broadband analog-to-digital converter 170\ which operate 40 5. The output of frame generator multiplexer 214 is applied 
in the same manner as main antenna 26, filter 27 and to digitally modulated laser 216, which outputs the optical 
broadband analog-to-digital converter 170, respectively. The data stream on fiber 104A. Digital optical receiver 220 
output of analog digital converter 170' is applied to circuit receives the optical data stream from fiber 104B and applies 
172, which multiplexes the digitized RF signal from the it to demultiplexer 222, which operates in the same fashion 
diversity antenna into the data stream applied to fiber 104B. 45 as demultiplexer 142 of FIG. 4. The output of demultiplexer 
In such a case, the framing scheme includes diversity traffic 222 is applied to digital demodulator or receiver circuit 224, 
capacity. which extracts the microcell channels and applies mem toT 1 

Referring now to FIG. 9, there is shown in greater detail interface 202 for transmission to the MTSO. 
demultiplexer circuit 142 (and correspondingly 162) shown Yet another alternate embodiment of the all digital base 
in FIG. 4 and FIG. 8. Circuit 142 (162) includes a demul- 50 station is shown in FIG. 11C. In FIG. 11C, the frame 
tiplexer 190, which receives the digital data stream from generation/multiplexer 211' is modified to apply its output 
digital optical receiver 140. Demultiplexer 190 extracts the directly to the switched telephone network, in a format 
control/alarm channel order wire channel, CRC channel and compatible with network protocols, for example DS1, DS3 
microcell traffic channel from the digital data stream. or SONET. The switched network is then used to connect the 
Optionally, where the diversity function is provided, the 55 base station with each antenna unit 106. According to this 
diversity CRC channel and diversity microcell channel are embodiment, the modified synthesizer 212" generates a 
also extracted. The main CRC channel and microcell traffic separate digitized output (for example as shown below with 
channel are applied to CRC checking circuit 192, which respect to FIG. 32B) for each channel being used (as 
provides an error signal to the control/alarm circuit 131. opposed to all channels in the cellular band), such that only 
Circuit 131 monitors the error rate of data and alarms 60 the digitized form of the channels used for each antenna unit 
occurring at the remote antenna unit 102. The order wire 106 are actually transported thereto, thus greatly reducing 
channel is applied to order wire interface 163, to provide the bandwidth required for this purpose, Siniilarly, demul- 
two-way point-to-point communication. tiplexer 222' is configured to receive the individually pack- 
Where diversity is optionally included, a second CRC aged digitized channels from the switched network, and 
checking circuit 192 receives the diversity CRC channel and 65 demodulator 224" is modified to receive and extract the 
diversity microcell channel and produces an error signal individual channels. The ernbodiment of FIG. 11B can also 
which is applied to control/alarm circuit 131. be modified in this manner, as is illustrated in FIG. 11D. 
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Thus, ail-digital base station 210 synthesizes the effect of circuitry to fee MTSO. In the second stage, units 106 may 

digitizing the transmitter data stream, providing for an be replaced or upgraded to all digital microcell base station 

all-digital conversion from circuit 202 to the date stream units 210, wherein the analog transmit and receive circuits 

applied to fiber 104A. The synthesized signal is received at are eliminated This upgrade may be accomplished without 
the remote antenna unit 102, which constructs the radio 5 changing remote antenna units 102, and therefore may be 

frequency signal, using digital-to-analog converter 164, thus done conveniently and expeditiously. This method of instal- 

eliminating the need for transmitters 23. Similarly, digital lation thus allows the initial units 106 to be constructed 

demodulator or receiver circuit 224 eliminates the need for readily and at relatively low cost, and thus providing for 

receivers 28, by converting the demultiplexed digitized RF rapid deployment, while allowing for upgrade to more 
data stream directly into digital phone channels for appli- 10 reliable all-digital base station equipment without change to 

cation to circuit 202 and transport to the MTSO. the remote antenna units 102. 

Yet another exemplary alternative embodiment of the Thus, as described above, the present invention provides 

invention is shown in FIG. 12. The alternate embodiment not only improved coverage, but also for increased capacity 

shown in FIG. 12 includes a base station 106\ having an by assignment of reusable channel sets throughout the 
antenna 250 for broadcasting and receiving RF signals into 15 microcell system, without the need to deploy independent, 

a cellular area. In addition, 106 1 includes one or more remote conventional base stations in each microcell area. Also, by 

antenna units 102 used to reach shadowed areas. This virtue of digital transmission, it also provides good dynamic 

embodiment is not for the purpose of extending capacity, but range over extended distances as compared to analog sys- 

rather to improve coverage. terns. 

Referring to FIG. 13, base station embodiment 106' is 20 The exemplary configuration illustrated with respect to 

shown in more detail. The configuration of FIG. 13 is the base station 106 and remote antenna unit 102 provides 

same as FIG. 3, except the RF signals are connected simul- control/alarm/nionitoring and two-way point-to-point voice 

taneously to a main cell site antenna through a duplexer and channels to be readily multiplexed on the digital carrier, 

power amplifier. providing advantages over analog systems such as that 

Referring now to FIG. 14, there is illustrated an alternate 25 disck>sed by AT&T. Furthermore, a diversity channel can 

preferred embodiment of base station units 106 and antenna a ^ so ^ HHritiplexed *&to &e data stream to provide the 

unit 102. According to this alternate preferred embodiment diversity function without the need for additional fiber paths, 

shown in FIG. 14, there are provided wave division multi- The invention also permits ready adaptation to carry 

plexers 270 at the base station 106 and remote antenna unit alternate services such as PCN. mobile data and paging 

102. Wave division multiplexers 270 provide that a single services together with microcellular traffic, 

optical fiber 271 can be used in place of a pair of optical Another advantage of the invention is its ready adaptation 

fibers 104A and 104B, as shown with respect to the exem- to all digital base station technology, wherein microcell 

plary embodiment of FIG. 4. Preferably, the wavelengths of traffic data received from an MTSO in digital form can be 
operation for wave division multiplexers 270 are 1310 35 digitally converted to a synthesized stream of data samples 

nm±20 nm, and 1550 nm+20 nm for application to the digital-to-analog converter in the 

Yet another alternate exemplary embodiment of the remote antenna unit 102. 
invention is shown in FIG. 15. In FIG. 15, alternate service It shall be understood that other control or monitoring 
traffic (personal communication network (PCN) traffic and/ type channels between the base station and antenna units are 
or paging traffic as shown in FIG. 15, for example) are 40 also possible, and that the invention is not limited to the 
multiplexed into the digital carrier and conveyed to the particular channels illustrated in the exemplary embodi- 
remote antenna unit 102 for transmission as part of a ments. 
broadband signal reconstructed by the digital-to-analog con- 
verter. The remote antenna unit is modified to include Transmission of Microcell and PCN Traffic Over 
separate analog-to-digital converter, digital-to-analog 45 Cable System Fiber Feeders 
converter, filter, duplexer, linear power amplifier and a conventional cable system is illustrated in FIG. 16. 
antenna for the alternate service. The optical transceiver and System 300 includes one or more satellite dishes 304 
fiber being shared with the microcell traffic. PCN transmis- receiving satellite television signals from satellite 302. In 
sions are received at the remote antenna unit 102 and addition, the head end may receive video feeds from local 
conveyed on the digital carrier back to the base station 106. 50 sources or over other media such as fiber, coaxial cable or 
The additional services are carried over the same fiber line of sight microwave link. Video unit 308 provides video 
simply by adding more bits per frame. Therefore, the signal splitting, and provides a video signal to AM trans- 
embodiment of FIG. 15 can carry the traffic associated with mitters 310, which apply an amplitude modulated signal, 
several different alternate services and cellular traffic typically down-converted prior to transmission, for applica- 
simultaneously, with minimal cost over straight cellular 55 tk>n to a fiber feeder. The fiber optic feeder transmits the 
traffic. It is contemplated that yet other services can be video signal to a optical node 312, which processes the 
carried, and the invention is in no way limited to received signal for delivery to a plurality of homes 314, 
microcellular, paging, PCN or mobile data service traffic. typically over copper coax cable, or in state of die art 

* T ««*~ii* j tt j* . ^ „ installations, over a fiber link. In a typical suburban instal- 

Method of mstalling and Upgrading the Microcell t ^ f ^ ^ . ^ , , JF , 7 " " 7: 

Svstem 60 lation of the type most adaptable to the benefits of this 

y exemplary embodiment, an optical node 312 preferably 
For ease of implementation of the present all-digital provides service to approximately 250 homes, covering a 
embodiment, two-stage deployment is contemplated. In the geographic area of approximately 1-2 square miles, 
first stage, microcell base station units 106, of the design An exemplary embodiment of the present invention, 
shown in FIG. 3, are deployed These units may be readily 65 wherein the cable system 300 is utilized to transmit micro- 
constructed with conventional transmitter and receiver tech- cell or PCN traffic to microcell areas will now be explained 
nology in the base station unit, and conventional interface with reference to FIG. 17. The system of FIG. 17 provides 
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the advantage of using the installed infrastructure of a cable an AM modulator 338A, which receives a POTS/data input 

television system to transport microceli and PCN traffic. As signal, a video input signal, and a PCN/microcell traffic 

shown in FIG. 17, the head end of the cable system includes input signal AM modulator 338A combines the signal 

a head end microcelVPCN unit 332, video multiplexer 308, inputs and produces an AM modulated signal for application 

X2 a J?!r °/ d J tele P hone . $ ™ { ^j^\™ d sour <; e 5 to AM optical transmitter 338B, which in turn applies its 

336. Although the provision of POTS and data service is tical wavck ngth output to fiber 348. On the re*rn path, 

included in this cxo^axy^dmcnt, it is not necessary ^ demodulate 338C receives an input from AM optical 

to the dehvery of cellular/EOT service, and may be omitted - , -- OT v A . , _ 7™T . ^ , 

from the system. Preferably, the POTSAiata are carried on a ^ ™% andprovides an output of PCN/rmcroceU and 

plurality of subcarriers within a certain band A separate taBc ^ t0gether Wlth a ^/data output signal, 

subcarrier would be assigned to each subscriber in the 10 Referring now to FIG. 24, the microceli optical node unit 

system. Similarly, the video channels are also contained on 342 is shown in more detail. Unit 342 includes an AM 

a plurality of subcarriers in a specified band. In addition, the optical receiver 400, which receives the AM modulated 

microcell/PCN channels are also carried on separate sub- signal from an AM modulator/demodulator 338. The output 

carries in a defined band The head end unit 332 is interfaced of optical receiver 400 is applied to an AM demodulator 402, 

with a base station unit 330, through a pair of fibers 331A 15 which outputs a POTS/data signal and a video signal. The 

and 331B. Base station unit 330 is interfaced to the switched POTS/data is to be delivered to subscriber homes over the 

telephone network 320 through a mobile telephone switch- optical node to home data transmission medium. The video 

ing office (MTSO) 322. signal is also supplied to subscriber homes over the trans- 

The head end further includes a plurality of AM mission medium (usually coaxial cable, or possibly fiber), 

modulator/demodulators 338, which are coupled to micro- 20 The PCN/microcell traffic is separately outputted from AM 

cell optical nodes 342 through fibers 340A and 340B. demodulator 402 and applied to an up-converter comprising 

Optical nodes 342 each include an antenna for the transmis- mixer 404 and local oscillator 406, where it is restored to its 

wl^f^rf T^l^u™ ^fZr^L™ gating frequency. The signal is amplified with amplifier 

^ C ^° "iStfS^^ f £^ S/da I ^andlpplied through du&exer 41L0for transmisZ into 

ZZ^X^ZS! am ^ w /fir,?* 25 the microceli area via a main antenna 412. According to the 
connected to the respective AM modulator/demodulators , , x . , . . . 

338. as more fully Unrated in FIG. 20. to be explained ^f? 1 ^ «^odiment ^closed heran ttie channels car- 
further below. n in the 1 MHz band, are transmitted from the antenna 

et ^' n . t ™ . , . A . ~ . ™, to unit at the optical node. RF signals received at antenna 412 

Base station unit 330 is shown in more detail in FIG. 18. ^ * * +1 « . , _ A A ^ ^ A/%A 

tt * t ^™ A.n^v-. fA1 . t1A , a « , , are fed through duplexer 410 and are applied to filter 420. 

Unit 330 functions identically to unit 106 as described above 30 tv,^, ,«^« « » u -j , 

- tU ^ a _ jjr n ~ ™ ' * A . „ A , Diversity antenna 424 may optionally be provided with its 

with reference to FIG. 3. The base station unit 330 may be ' +u^~u 4*&*a<%* * — • a<*<> a t 1 

^ . tUa ttmKrty4 i mM * ^TTrr^ ~> • . * output applied through filter 426 to a mixer 428. A local 

positioned, as in the embodiment of FIG. 2, in a convenient *n * . Ai . AM * . +„ n 

location, remote from the head end. Alternatively, base T^f* T ^T" -f^JT* ™' 

station 330 could be located at the head end. vSh the d ^*S m<t TT l f^^^ Vm ^ 

elimination of the fiber link and other unnecessary 35 ^^^^^^ff^^ 
, +w t>~c 1 4_ * ^ with return POTS/data traffic. AM modulator 432 combines 

nK«W^to«xl«Uto K 338rdto^ 1 teo«lp«.^«, c »J «^^«>«m «lo 4 te 3«B ttough AM oplusl 

AM modulators/demodulators 338 filtered and applied 

directly to the receivers 28. Digital transmitter/receiver 130 40 ^ AM modulators (338A, 432) and demodulators 

of base station 330 is configured as illustrated in FIG. 4 (338C 402) are illustrated in more detail in FIGS. 25 and 26. 

As shown in FIG. 19, head end unit 332 is configured ^ Bn *« ?° w *™?^ ^JJ? sho ™ 

substantially the same as unit 102 from the embodiment of mo ?^ ^ ™ e POTS/data, video channel and 

FIG. 2. RF digitization and framing for communication rnicrc^ll^ crenel signal sources are applied to respec- 

between the head end unit 332 and base station 330 is 45 ^T"^ ,1 35 f' « frequency 

performed substantially the same as described above with ^ ffed fr ^ ue ncy for combinaUon at combining 

regard to units 102 and 106. However, the output of digital- ^ ^ A ?f to a conventional 

to-analog converter 164 is applied to filters 335Twhich filter moduktor ^ modulator m 

the RF signal into a plurality of bands, each to be delivered ^ shown in FIG. 26, on the return path, the AM signal 

to a particular microceli associated with a optical node 342. 50 is applied to a conventional AM demodulator 360, the output 

In the exemplary illustrative embodiment illustrated herein. of whicn is filtered by filters 362 and 364 for application to 

die channels of the microceli or PCN system are divided into req>ective mixers 366 and 368, where the bands are restored 

a plurality of 1 MHz bands, each containing a plurality of t0 ^e* desired carrier frequency, 

channels of microceli or PCN traffic (for example ten 100 Thus, as described above, the alternate embodiment illus- 

KHz channels or approximately thirty 30 KHz standard 55 trated generally in FIG. 17 provides that microceli or PCN 

channels). Each of the AM modulator/demodulators 338 traffic may be carried over the installed fiber distribution 

(shown in detail in FIG. 20) receives a 1 MHz band of system of an existing cable TV system* In addition, the 

channels and conveys it to the microceli optical node 342 system illustrates the provision of POTS/data service utiliz- 

over the fibers 340A and 340B by AM modulation. In the ing the same system However, the additional provision of 

reverse path, 1 MHz bands are received back from fee 60 POTS/data service is in no way essential for the invention, 
microceli optical nodes 342 (over fiber 340&), demodulated 

in an AM modulator/demodulator 338, filtered by filters 337 Alternate Digital Modulation/Demodulation 

and combined before application to broadband analog-to- in the above-described system, the digitized RF signal is 

digital converter 170, on a return path to the base station unit converted to an analog form prior to being transported to the 

65 remote optical node unit 342. According to the alternate 

Referring now to FIG. 20, there is illustrated in more exemplary embodiment now to be described, the digitized 

detail a modulator/demodulator 338. Each unit 338 includes form of the RF signal may be maintained through to the 
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remote optical node units 342 by use of digital modulation PCN signal in digital format all the way to the optical node 

such as QAM modulation. In the alternate exemplary unit 342. It thus can advantageously provide a higher quality 

embodiment of FIG. 27A, groups 453 of transmitters apply signal than might otherwise be obtained with AM modula- 

a combined output to the input of corresponding analog-to- tion schemes, 

digital converters 456 (including down-conversion to an 5 

intermediate or baseband frequency), and the framer/ Transmission of Etigitized RF Over Switched 

multiplexer 458 frames the digitized transmitter group sig- Telephone Network 

Mis so that toese^oups may be extracted from the framing Yet a t embodiment of the 

pnamc* die ofter end of the ML Saxmtoly a demult.- ^ FIG. 30, base 

plexer 459 demultiplexes a received signal and applies a 10 ^ ^ ^ COMected to ^ rem<Jte units 

corre^ndmg digt^d s^nal to each of analog,to^tal ^tteough a switche4 telephone aetwoifc 120. as illustrated 

converters 457 including up^conversjon) for apphcation to ^^^^5. 3lZ32A,33Aand 34. As illustrated 

respecdvc receiver groups 455. Diversrty output is ako mQ 31A. each base station unit 600 includes radio 
optionaUy provided. The transmitter groups may for 

rtJTI* tt ^"Jf t,btC ? , 1 15 of PCN or microcell channels X the MTSO The outpJt 

dtgitized ban« u apprc^mately 1 MHz, consistng of ^ transmitters 23 are 

approve* 3WKHzof p^4^^2fXnte, combined /^^g £aSt 612 for to an 

plusframmgandcontolbite.Thealtern^ analog-ttwligital and dtgital-to-analog co^vertei/framing/ 

tion embodiment of the head end unit 33Z is illustrated in , r. . r . . fl A ~ * A ^ . _ 

t^U ~™ « . , *» j **t-, demultiplexing circuits 614. Groups 620 of receivers 28 

FIG. 27B. Although mis embodiment shall be described with or) . y & . , . . , r . „ « - 

j i ^ v * * . « . ,i 20 receive an analog signal output from circuits 614. Each of 

respect to QAM modulation, it shall be understood that other . ^ _ . , 6 ^ ^ , * , . . . 

oj^wv x ♦ ... . _^ circuits 614 also produces an analog diversity signal, which 

forms of digital modulation are also within the scope of the . „ , , o * , ^wjL, t^w/W 

A . . ^ ... .j. , ~V j« • is applied to a group 622 ox diversity receivers 28 . 

present invention. According to this embodiment the digi- ^\ ... 5, ... . , ^ 

tized RFreceived at the head end unit 332' is demultiplexed Each of circuits 614 functions to convert the analog RF 

in demultiplexer 450, output group by group, and applied in 25 (after suitable down-conversion) to a digital signal which is 

digitalformto apluraHty of QAM modulators/demodulators framed and applied to the switched telephone network. In 

338\asmustratedkFIG.28.TheretumtrafficfromaQAM addition, each of circuits 614 receives a signal from the 

demodulator 464 is applied to a framer/multiplexer unit 452, switched network * wluch * teBvtofrat* and converts back 

which in turn applies the digital signal back to fiber 331B to a corresponding analog ; RF signal for apphcation to a 

through digitally modulated laser 174. M respective receiver group 620 or diversity receiver 622. 

As illustrated in EEG. 28. QAM modulator 460 receives a exemplary embodiment illustrated herein, it is 

digital POTS/data input signal, a digital video signal and a contemplated that approximately ten 30 KHz, PCN or 

digital PCN/microceU traffic signal. QAM modulator 460 AMPS cellular channels (given current 7 channel spacing 

multiplexes the input signals and produces a QAM modu- requirements) may be digitized into a respective 1.05 or 1.25 

lated output signal for application to AM optical transmitter 35 MHz bandwidth which may be formatted as a 44.736 Mb/s 

462,wMchismturaar^Hedtofir^340A.Onareturnpath, DS "3 or ^ si g nal for appHcation to the switched tele- 

AM optical receiver 466 receives a QAM modulated signal P hone network a Tl line or optical fiber link, with 

from optical fiber 340B and applies an input to QAM bits available for control and error detection. AMPS, or 

demodulator 464. Demodulator 464 demultiplexes the Advanced Mobile Phone Service, is the original and stan- 

received signal and in turn produces a digital rmcrocell/PCN 40 format for ceMar service consisting of frequency 

signal and a digital POTS/data signal. modulated (FM) channels at 30 KHz spacings. However, the 

Referring now to FIG. 29 there is shown the alternate 15 t0 'L^ ^^™a 

QAM embodiment of microcell optical node 342'. Alternate <™A> or a combination of AMPS and TOMA 

optical node 342' includes an AM optical receiver 500 s ^ s cou^ be earned. As is well known to those of skdl 

receiving its input from fiber 340 A. QAM demodulator 502 45 "i the art, TOMA is an alternaUve^iulaUon t^que for 

receives an output from AM optical Reiver 500 and demul- <* Uular , w ^jfT? ?"* ^ ^ 

tiplexes and demodulates the signal for application to time-multiplexed ^tal ^als. Hence 5 to 6 AMPS chan- 

digital-to-analog converter 504. Converter 504 (outputs an nels ^ 15 to 18 TOMA chaimels * 

intermediate or baseband frequency signal which is Referring now to FIG. 32A, there is illustrated in more 

up-converted with mixer 506 and local oscillator 508 to the 50 detail <^ cuit * 14 < Circuit 614 is essentially identical to 

transmission frequency. The signal is applied to amplifier c^cuit 130, as illustrated with regard to FIG. 4, but includes 

510, filtered with filter 512, passed through duplexer 514 a network interface circuit 630 and 632 in place of digitally 

and transmitted from the main antenna unit 516. On the modulated laser 136 and digital optical receiver 140, respec- 

return path, the RF signal is received at the main antenna tively. Interface circuits 630 and 632 provide the necessary 

unit 516, passed through duplexer 514, filtered at filter 518 55 T1 interface or interface to an optical path, 

and applied to a down-converter, comprising mixer 528 and The remote antenna units 602 are illustrated in more detail 

local oscillator 530. A diversity antenna 520 is optionally in FIG. 33A. Antenna units 602 are essentially identical in 

provided together with filter 522 and a down-converter construction to the remote antenna units 102 as illustrated 

comprising a local oscillator 526 and mixer 524. Hie main with respect to FIG. 8. However, in place of the digital 
antenna signal and diversity antenna signals are combined 60 optical receiver 160 and digitally modulated laser 174, mere 

using combining circuit 532 and applied to analog-to-digital are provided network interfaces 640 and 642 for interfacing 

converter 534. The output of analog-to-digital converter 534 to the switched network 120. 

is applied to QAM modulator 536, which applies its output The same framing structure illustrated above with respect 

to AM optical transmitter 538, which in turn applies its to FIGS. 6,7,22 and 23 are applicable to this exemplary 

output to fiber 340B for transmission to the head end €5 embodiment of the invention, except at lower speeds as 
Thus, as described above, this alternate exemplary necessary. In the case where the diversity function is 
embodiment provides a system for maintaining the RF or provided, the return path would include additional DS-3 or 
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OC-l signals, requiring additional Tl or SONET line capac- includes an input from radio controller 22, which may 

ity on the return path. provide control input, in order to specify the channels to be 

Referring now to FIGS. 31B, 32B and 33B, there is shown extracted from the data stream. A network interface circuit 

an alternate exemplary embodiment 600' of the base station 630', interfaces frame generator/multiplexer 134' to the 

600 illustrated in FIG. 30. Alternate embodiment 600* pro- 5 switched telephone network. 

vides that all the transmitters 23 in the base station are Referring now to FIG. 33B, mere is shown alternate 
applied to unit 614', which is illustrated in FIG. 32B. embodiment 602\ which operates in conjunction with alter- 
Similarly, unit 614' services all of the receivers 28 and 28 1 in nate embodiment 614'. A network interface circuit 640* 
the base station. Thus, the embodiment of FIG. 31B differs receives one or more Tl, SONET or other carriers from the 
from the embodiment of FIG. 31Ain that a single unit 614* 10 switched telephone network, carrying digitized microcell 
is provided for the base station, and the transmitters and traffic produced by frame generator/multiplexer 134\ Hie 
receivers are ungrouped digitized data stream(s) are applied to demultiplexer 162*, of 

Referring now to FIG. 32B, there is illustrated analog-to generally the same design as demultiplexer 162, which 
digital and digital- to- analog converter/framing/ extracts the digitized stream from each carrier, channel by 
(^multiplexing unit 614*. Unit 614' receives the combined 15 channel, and applies each individual extracted channel to a 
input from all the transmitters 23 in the base station 600'. A separate one of digital-to-analog converters 164\ The out- 
broadband digitizer 132 digitizes the combined signal. The P uts of converters 164' are combined, and applied to power 
output of broadband digitizer 132 is applied to the plurality amplifier 24, to be broadcast through antenna 26. Each of 
of digital filters 802. Digital filters 802 each preferably digital-to-analog converters 164' may be of the same design 
include a decimation filter and a finite impulse response 20 as digital-to-analog converter 164 of FIG. 21B. However, 
(FIR) filter. Decimation filter 802A receives the 30.72 unlike digital-to-analog converters 164, digital-to-analog 
MSarnples/s (12-bit wide) data stream and produces a digi- converters 164* need only handle a single channel, and thus 
tized data stream corresponding to the output of one of the possibly be of less exacting design, 
transmitters 23 (Le. one of the channels) consisting of an Alternate embodiment of remote unit 602' further 
approximately 80 KSampies/s data stream, with 12-bit 25 includes a plurality of digital filters 802, which operate in the 
samples. The 80 KSamples/s rate corresponds to a sampling same manner as digital filters 802 of base station unit 614* 
rate of 2.4x, of a 30 KHz signal (the channel width). to extract selected microcell digitized channels from the 
However, any rate of at least 2x satisfying the Nyquist output of the broadband digitized signal from the output of 
criterion can be used. broadband analog-to-digital converter 170. Framer/ 

Decimation filter 802 is preferably, for example, a deci- 30 multiplexer 172', of generally the same design as multi- 
mating digital filter, Part Number HSP 43220, available plexer 172, operates in a manner similar to frame generator/ 
from Harris Semiconductor, Inc. of Melbourne Ha, Another multiplexer 134' to multiplex the extracted channels onto 
vendor of such filters may be ESL, a division of TRW, Inc. one or more Tl, SONET or other carriers, applied to the 
Referring back to FIG. 32B, each digital filter 802 is 35 switched telephone network through network interface 642'. 
programmed to filter out of the broadband signal from Referring again to FIG. 32B, demultiplexer 142\ of 
digitizer 132 a channel corresponding to one of transmitters generally the same design as demultiplexer 142, receives the 
23. Accordingly, a base station installation with twenty multiplexed signals from remote unit 602* through network 
transmitters would require twenty digital filters 802, to interface 632'. Unit 142' demultiplexes each of the channels 
extract the digitized data stream corresponding to each ^ and applies a single channel to each of digital-to-analog 
transmitter. Broadband digitizer 132 digitizes the entire converters 144\ which may be of similar design to digital- 
microcell traffic spectrum, which is, in the case of the to-analog converters 164\ The output of digital analog 
original AMPS system, 12.5 MHz wide. In the case of converters 144' may be applied to receivers 28. 
twenty channels, the bandwidth to be transported can thus be As illustrated in FIG. 33B, remote unit 602* may also 
greatly reduced to 600 KHz, from 12.5 MHz. Thus, digital 45 include a diversity path with digital filters 805 provided to 
filters 802 greatly reduce the amount of data to be transmit- extract the diversity channels from the digitized diversity 
ted over the switched network. signal The extracted channels may be multiplexed through 

A frame generator/multiplexer of generally the same framer multiplexer 172* onto the switched telephone net- 
design as generator multiplexer 134\ is provided to multi- work. In base station unit 614', a diversity path is provided 
plex the data stream from each digital filter 802 onto one or ^ from demultiplexer 142' , whereby extracted diversity chan- 
more Tl, SONET or other carriers. For instance, a single nels may be applied to diversity receivers 28\ Thus, as 
channel of 72 KSamples/s, with 12-bit samples, constitutes described above, the alternative embodiment illustrated in 
an 864 Kb/s serial data stream. Adding framing and control FIGS. 3 IB, 32B and 33B provides digital filters to extract 
bits, as, for example, illustrate in FIGS. 22 or 23 (with, for selected microcell channels from the broadband digitized 
example, a 1-bit CRC channel, a 1-bit alarm-control/under 55 signal travelling to and from the remote units 602*. The 
wire channel and a frame word of 6 bits) produces a serial extraction of selected channels provides that a much more 
data stream of approximately 1.54 rab/s (20 bitsx72 KHz). limited bandwidth capacity is required to carry the signals 

Frame generator/multiplexer 134' can thus multiplex the from transmitters 23 to the remote units and return the 

output of one of digital filters 802 into a DS 1 format on a Tl received channels from the remote units to the base station, 

carrier with a capacity of 1.55 mb/s, or can combine miiltiple In yet another alternate embodiment, the system of FIG. 

outputs of digital filters 802 on a 44.736 Mb/sDS-3 or OC-1 11 is modified to transport the digitized signals over the 

signal for application of the switched telephone network. switched telephone network, as for example illustrated 

A filter control circuit 803 is also provided in unit 614', herein above* 

and has an input to each of digital filters 802. Filter control t _ . 

803 allows digital filters 802 to be programmed, so that their 65 Network Interface to Cable System 

filtering characteristics (and channel selection) may be FIG. 34 illustrates yet another alternate exemplary 

selectively changed, if desired. Filter control 803 further embodiment of the present invention, wherein the transmis- 
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sion of digitized RF over the switched telephone network is 110. However, when a mobile unit travels from one cell to 
combined with the transmission of the RF signal over the another, MTSO 110 switches the unit to a new channel (and 
cable system. More specifically, as shown in FIG. 34, a corresponding pair of transmit and receive frequencies) in 
network interface 702 is provided at the head end unit to &e newly entered cell, in a conventional manner, 
receive digital PCN/microcell traffic off the switched tele- 5 Referring now to FIG. 35B, there is shown in more detail 
phone network. That traffic is applied to QAM modulator a base station unit 114* according to the present invention. 
460 and AM optical transmitter 462 (see FIG. 28). Similarly, Unit 114" includes a radio controller 22 providing an inter- 
network interface circuitry 704 provides for application of f ace between the Tl lines from the MTSO 110 and the base 
digital PCN or microceU traffic to the switched network, as station radio equipment Transmitters 23-1 to 23-N (where N 
it is received from QAM demodulator 464. Thus, signals to is a positive integer) are connected to a matrix switch 802, 
originating from a base station 600 can be carried through ^ out P uts of which are in turn connected to a plurality of 
the switched network to the cable system and back again. combining circuits 804-1 to 804-X (where X is a positive 

Thus, as described above, mis alternate exemplary ^fr), which are in turn connected respectively to a 
embodiment of the kventionpro^ ^^S 6 ^ ^^^^^g units to 
traffic may be conveniently carried over a switched tele- is „ Units 130 -1 to 130"-X are connected to the micro- 
phone network This operation has obvious advantages, £j ? 02 over '^P**™ transmission paths 104-1 to 
permitting rapid installation of additional capacity, rather 104 ~ X ' 85 mustrated m HG. 35A. 
than the necessity of installing additional transmission lines. ^ res P ective 0Ut P uts of transmitter/receiver digitizing 

Thus, these alternate exemplary embodiments provide for un 5 ™" C ^ ng *? traffic, are each 

an ability to transmit radTfreJuency microceU or PCN 20 *PP^to matrix switch 808. Matnx switch 808 selectively 

traffic through a switched network and through a cable t0 ™ f r ^ v 5* to 

system mstaUation through respective outputs 806-1 to 806-X, and combining 

„ . ' . - , circuits 807-1 to 807-X. A controller 810 controls matrix 

Various mod^cafaons and alternate configurations of the switch 802 and matrix switch 808 using respective control 

embodiments of FIGS. 17 through 34 are contemplated. An ^ 812 and 814. Controller 810 receives a sample of 

aU digital configuration (similar to ^embodiment of FIG. digitized microceU traffic from each of the digitization units 

10) of the embodiment of FIG. 17 or FIG. 27A eliminates the 130' over sample lines 816. 

transmitters, receivers and analog-to-digital and reverse a^„^; « , . , , <0 

. ^ . . „ A S . f:,. . , As described in more detail below, controller 18 contxnu- 

conversion in the base station 330. An all digital configu- , «. v , t . , - ^ 

, - . rrro „ A ^x^uii wuiLgu ously processes the digital samples received from units 130 

ration for the embodiment of FIG. 30 eliminates these „ ^ ~3 • , OM , 

i * ^ ^ *_ r . ^r:~z, , , so ana in response thereto controls matrix switches 802 and 

analog components from the base stations 600. The method 808 in or< £to switch ^ of units & 

^^^r from^eandogemr^entsto to one (or more or none) of units 13r and to conm g 

the aU ^^bodiments can be carried out substanUaUy receivers ^ to one (or more „ none) of units ^ For 

instance, in one exemplary switching configuration, matrix 

a i^f cations to the embotoents of HGS. 17 35 switch 802 might connect all three tewmtam 23-1, 23^2 

teough 35 include wave division mukiplexmg so that the ^ ^ ^ ^ to combiner circuit 8<w _ t 

fiber pairs may be replace with a single fiber. so that all teee transmitter frequencies F x , F 2 , and F n are 

Passive Handoff System combined and applied to unit 130*1 for digitization and 

transport to a microceU zone. In another configuration. 

Referring now to FIG. 35A there is illustrated an exem- 40 transmitter 23-1 and might be connected to combiner 804-X 

plary embodiment of a passive handoff microceU telecom- through one of outputs 803-X, while transmitter 23-2 is 

munications system 800. The system shown in FIG. 35 A is connected to combiner 804-2 through one of outputs 803-2, 

of like construction to mat of FIG. 2 with the exception of and transmitter 23-X is connected to combiner 804-1, 

base station units 114\ which are constructed as shown in through one of outputs 803-1. Matrix switch 802 thus allows 

FIG. 35B to provide passive handoff switching. 45 any one of transmitters 23 to be connected to any one of 

For the purposes of describing system 800, microceU combiners 804, in any combination, 
areas 100 are referred to as "microceU zones," which zones Switch 802 thus permits a transmission frequency to 
are labeled for the purposes of one exemplary embodiment "follow" a mobile unit from one microceU zone to another, 
as A1-A6, B1-B6 and C1-C6. Each zone includes an For example, with reference to FIG. 35C consider a mobUe 
independent antenna for transmitting to and receiving from 50 unit 820 which initiates a ceUular telephone caU at a time T x 
mobUe units. Zones A1-A6 coUectively comprise "CeU A," within zone Al. In the example, mobile unit 820 is located 
zones B1-B6 coUectively comprise "cell B " and zones in a car. However, it can be hand-carried or otherwise 
C1-C6 coUectively comprise "ceU C" Each ceU A, B and C transported from zone to zone. To set up calls and perform 
has a set of reusable frequencies to be used within the ceU, control, the control channel(s) foraceUA,BorCis 
according to conventional ceUular system design. Passive 55 simultaneously transmitted to and received from aU zones in 
handoff system 800 provides that a transmission frequency the respective ceU, as accomplished by switches 802 and 
or channel assigned to a mobfle unit in a given ceU may be 808. Upon caU set up, which is accomplished in a conven- 
broadcast from the remote unit 182 in any one of microceU tional fashion, as for example described in **MobUe CeUular 
zones 100 under the control of a unit 114 f without interaction Telecommunications Systems**, by William C Y. Lee, 
with or control from MTSO 110. A channel can thus foUow 60 MTSO 110 assigns mobUe unit 820 to a currently available 
a mobUe telephone unit from one microceU zone to another channel, for example the frequencies handled by transmitter 
within a given celL Accordingly, multiple microceU zones 23-1 and receiver 28-1 (assuming a transmitter/receiver pair 
may be served by the same set of channels (ie. transmission is currently available for assignment), MTSO 110 is pro- 
frequencies) aUowing the signal transmission power level grammed to recognize mat the channels associated with 
within each zone to be minimized, and thereby avoiding 65 transmitters 23-1 to 23-N and receivers 28-1 to 28-N are 
undesirable interference with adjoining microceU zones or assigned, coUectively, to ceU A, which in this example 
ceUs, The system also reduces the switching load on MTSO consists of zones A1-A6. During the initial set up the 
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assigned transmit and receive channels can be transmitted to 
received from all zones in the cell, at least until it can be 
determined which zone can handle the call exclusively. 

Thus, as initially set up, mobile unit 820 transmits and 
receives on frequencies F t and F x , respectively. Controller 
810 constantly monitors the signal strength of transmissions 
from mobile units 820 in all zones in Cell A as received at 
the antenna units of the remote units 102 positioned in the 
zones. Signal strength in each zone is detected by sampling 
the digitized RF microcell traffic returning from remote units 
102 to units 130". While mobile unit 820 is within microcell 
zone Al, the strength of the received signal F x is likely the 
greatest because of the proximity of mobile unit 820 to the 
antenna unit of remote unit 102-1 in zone Al. Frequency F t 
might, however, also be received at the antenna of remote 
unit 102 in zone A2, or in the more distant zone A3. Control 
unit 81 0 monitors the strength of received signal F x in all of 
the digitized microcell traffic streams received from all of 
remote units 102 in the Cell A, and, according to at least one 
exemplary approach, identifies fee remote unit 102 which 
receives the strongest signal at frequency F v Assuming for 
mis example, that the signal F t received at the remote unit 
102 in zone Al is the strongest among the zones, controller 
810 signals matrix switch 802 to connect transmitter 23-1 to 
combiner 804-1, which in turn applies its output to digitizing 
130M. Unit 130"-1 in turn transmits the digitized microcell 
traffic stream containing the frequency F A to the remote unit 
in zone Al, which in turn broadcasts frequency F x in zone 
Al (along with any other frequencies switched into the 
combiner 804-1). On the return path, controller 810 causes 
matrix switch 808 to connect the output of digitizing unit 
130"-1, as received on line 806-1, to receiver 28-1. 
Preferably, transmitter 23-1 is connected to no other digi- 
tizing units 130", such mat no other remote unit 102 is 
broadcasting at the frequency Fj, except for unit 102-1. 
Similarly, it is preferable that no other digitizing units 130 M 
are connected through matrix switch 808 to receiver 28-1. 
As a result, interference between adjacent microcell zones 
caused by broadcasting the same frequency is avoided and 
interference resulting from a receiver 28 receiving the same 
frequency (at different phases and varying distortions) from 
more than one zone is avoided. 

Extending the example further, consider now that mobile 
unit 820 moves from zone Al to microcell zone A2 at a time 
tj. As mobile unit 820 moves from microcell zone Al to 
zone A2, controller 810 continues to sample and detect the 
received signal strength of transmission frequency F x from 
all the remote units 102 in cell A. Upon movement from 
microcell zone Al to A2, controller 810 should detect an 
increasingly stronger signal at frequency F t in microcell 
area A2, and correspondingly a reduction in signal strength 
at that frequency in microcell area zone Al. When certain 
switching criteria are met, controller 810 performs a ''pas- 
sive handoff." by switching transmitter 23-1 from connec- 
tion to combiner 804-1 to connection with combiner 804-2, 
and correspondingly switching receiver 28-1 to receive its 
input from digitizing 130 H -2. As a result transmission at 
frequency F x ceases at remote unit 102 in zone Al, and the 
signal received at that remote unit 102 is no longer applied 
through switch 808 to receiver 28. Thus, system 800 can 
passively switch a channel from one zone to another within 
a cell to follow a mobile unit 

The following example illustrates the operation of system 
800 when the mobile unit moves from one cell to another* 
For example, if mobile unit 820 moves from microcell zone 
A3 to zone Bl at a time t^, controller 810 again detects a 
corresponding reduction in signal strength received at the 
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remote unit 102 in zone A3. However, no corresponding 
increase in signal strength in another zone in cell A is 
detected to trigger a passive handoff. Rather, the handoff 
from cell Ato cell B is handed by MTSO 110 as MTSO 110 

5 senses the movement of the mobile unit 820 between cell A 
and B. Prior to leaving the cell, as the signal strength 
decreases, transmission and reception may be achieved 
using all zones in the cell. As the unit 820 moves into the B 
cell MTSO U0 operates to assign a new channel to the 
mobile unit from frequencies assigned to cell B. The base 
station unit 114* serving cell B then operates in the same 
manner as described above to identify the initial zone to 
transmit and receive from, and to perform passive handoffs 
within cell B. Accordingly, switching between cells A, B or 
C is carried out independently of the passive handoff of 

15 assigned frequencies between zones in a cell Cell B could, 
of course, be of conventional design with a single antenna 
serving the entire cell. 

Thus, as described above, the present invention provides 
a passive handoff system, wherein a transmission frequency 

20 is assigned to a mobile unit and that frequency tracks or 
follows the mobile unit from one microcell zone to another 
under the control of controller 810, and without intervention 
from or switching of transmission frequencies by the MTSO 
110. This mode of operation is particularly advantageous in 

25 certain microcell applications, wherein multiple remote 
units 102 are required to cover an area, but there is not 
enough traffic density in a given zone within the area to 
support a conventional cell site installation. For example, a 
narrowed depression in the terrain, such as a ravine or along 

30 a road adjacent to a river bed may require multiple antenna 
installations to obtain adequate signal coverage, due to 
blockage from nearby terrain. Another example might be in 
an underground parking garage, or even in large office 
buildings where larger than normal signal attenuation results 

35 in unacceptable signal levels. Furthermore, cell sites in some 
cellular systems are not located close enough together, thus 
resulting in poor coverage areas between the cells. Still 
another example is along a traffic corridor between popula- 
tion centers. For these situations and others, it is advanta- 

40 geous to use a passive handoff system permitting an expan- 
sion of the area covered without assigning separate 
frequency sets and corresponding transmitters and receivers 
for each zone within the area. 
Preferably, each switch 802 and 808 provides support for 

45 at least twenty (20) transmitters and twenty (20) receivers, 
respectively. In addition, each of switches 802 and 808 
preferably permits connection of the transmitters and receiv- 
ers to up to six digitizing units 130". Accordingly, matrix 
switch 802 may be used, for example, to connect up to 

50 twenty (20) transmitters (where N=20), through to any one 
of digitizing units 130". Similarly, me output from digitizers 
130" may be selectively connected to any one of receivers 
28, such that a single one of digitizers 130" may be con- 
nected to all of receivers 28, or all of the digitizing units 

55 130" may be connected to a single one of receivers 28. 
However, it shall be understood that switches 802 and 808 
may be adapted to handle more or less than twenty (20) 
receivers or transmitters, or more or less than six (6) units 
114\ 

60 Switches 802 and 808 are preferably matrix switches, 
wherein the combining function is integrated into the switch 
at the matrix nodes, in the form of Wilkinson combiners 
using nonreflective pin diode attenuators. Such components 
are available from Salisbury Engineering, Inc., of Salisbury, 

65 McL The switches are preferably of the attenuator type, 
allowing linear control of rise and fall time. Switching is 
preferably make before break. 
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Referring now to FIG. 36, there is shown a first exemplary 
embodiment of unit 130". Unit 130 H is of the same design 
and operation as unit 130, except it additionally includes a 
data bus 830 connected to the bus carrying demultiplexed 
digitized microcell traffic from demultiplexer 142 to digital- 
to-analog converter 144. Bus 830 is applied to parallel-in 
parallel-out FIFO buffer 832, which has an output enable 
controlled by an enable line 834 received from a controller 
810. When enabled, buffer 832 outputs a replica of the 
digitized microcell traffic on data bus 836. 

Referring now to FIG. 37, there is shown an exemplary 
embodiment of controller 810 according to the present 
invention. Controller 810 of FIG. 38A is adapted for use 
with unit 130" shown in FIG. 36. Controller 810 includes a 
multiplexer 884 which is connected to the buffers 832 in 
each of units 130"-1 to 130"-X, through a twelve (12) bit 
data bus 836 with one (1) clock line. Multiplexer 884 
(preferably tri-state) selects input from one of the busses 
836, and supplies it to fast-fourier-transform (FFT) proces- 
sor 856. Selection is made under control of microprocessor 
system 860, using control line 862. FFT processor 856 
clocks in digitized microcell traffic samples consisting of 12 
bit words. Digital FFT processor 856 preferably uses a 
Raytheon Part No. 3310, available from Raytheon, Inc. 

The output of FFT processor 856 is a plurality of 16 bit 
words in bins, with each bin representing the strength or 
amplitude of a 30 KHz channel (or channel of a PCS or other 
service) within the digitized cellular data stream. The output 
of FFT processor 856 is applied to system 860 over data bus 
859, using control line 861. A select circuit 886 receives a 
control signal 863 from system 860, and selectively gener- 
ates signals on enable lines 834. Enable lines 834 are used 
to selectively enable the outputs of buffers 832, so that FFT 
processor 856 can be selectively filled with digitized micro- 
cell traffic samples from a selected source. Microprocessor 
system 860 is connected to a matrix switch driver 875, 
which drives matrix switches 802 and 808. The operation of 
controller 810 as shown in FIG. 37 will be described in more 
detail below. 

Referring now to FIG. 38, mere is shown a simplified flow 
diagram of the operation of programmed microprocessor 
system 860 and its corresponding control over the operation 
of system 800. FIG. 39 is representative of both the program 
900 executed by microprocessor system 860 and the method 
of system 800. Program 900 include an initialization/ 
configuration routine 910. System configuration provides for 
the identification of the channels serviced by base station 
114'. Preferably, microprocessor system 860 includes mag- 
netic storage media such as a hard drive or the equivalent for 
storage of the configuration information and other data, 
together with computer programs. Once configured, polling 
and switching operation may be invoked. In this mode of 
operation, microprocessor system 860 first selects (routine 
912) the digitized traffic stream for a "first" zone in the cell. 
In the embodiment of FIG. 37, the selection is achieved 
using enable lines 834. A selected one of enable lines 834 is 
activated to enable the acquisition and output of the micro- 
cell traffic data from a corresponding one of buffers 832. The 
enabled buffer 832 applies a replica of the digitized micro- 
cell traffic stream from demultiplexer 142 in unit 130" to 
multiplexer 884, which applies the digitized traffic stream to 
FFT processor 856. 

Routine 914 provides that FFT processor 856 is activated 
for loading of the digitized microcell traffic stream under the 
control of microprocessor system 860 using control line 861. 
A buffer 832 may load, for instance, 1024 samples of the 
digitized microcell traffic. As microcell traffic data is 
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received from a buffer 832, FFT processor 856 clocks in 
digitized 12 bit microcell traffic samples or words. The 
output of FFT processor 856 comprising a series of 16 bit 
words specifying the signal strength of the respective chan- 

5 nels carried in the digitized microcell traffic stream. 

Microprocessor system 860 preferably employs an Intel 
brand "486** type microprocessor or better running at least 
33 MHz. At this speed, the time between selection of the 
digitized microcell traffic stream and the receipt of the 

10 frequency spectrum analysis from FFT processor 856 can be 
less than 5 milliseconds. Once microprocessor system 860 
has received (916) the frequency spectrum data from FFT 
circuit 856, which contains the signal amplitude for each 
frequency in the zone, the data is recorded for immediate or 

15 later analysis (routine 918). Optionally, the date and time of 
the signal measurement is also recorded, together with any 
other parameters of interest The polling process continues if 
all zones in the cell have not yet been measured within the 
current polling cycle. If polling continues, the digitized 

20 microcell traffic stream for the next zone in the cell is 
selected (routine 924) in the above-described process of data 
acquisition analysis and storage is repeated 

Once all zones have been measured in a current cycle, 
microprocessor system 860 determines the channel (i.e., 

25 transmitter/receiver) zone assignments based on the signal 
levels recorded during the cycle. The particular manner in 
which this determination is made is not essential to the 
invention, but preferably may take one of the forms 
described below. 

30 

It is contemplated that the switching algorithms for the 
transmit and receive paths of unit 114' will be different In 
the transmit path, it is contemplated that the method of 
switching will use the coverage received signal strength in 

35 a given zone over a period of Vi second to 3 seconds, with 
the zone with the greatest strength chosen as the active zone. 
Alternatively, a zone which is not currently fading, even if 
at a lower signal strength, may be chosen. If it doesn't matter 
which zone is used, for example, if signal strengths are 

^ comparable, a zone may be chosen which evens out the 
distribution of channel assignments in the cell. Where the 
optimum zone cannot be determined, several or all zones can 
be selected or active, for example, as might occur when a 
mobile unit is on the edge of a cell. 

45 For switching receivers, instantaneous and average levels 
are tracked, and fades are tracked so that trends can be 
predicted and the switching from one zone to another on the 
receive side can be anticipated. If the received signal 
strength is below a threshold level, then a receiver may be 

^ connected for reception from all zones, for instance where a 
mobile unit is on the edge of a cell. Switching on the receive 
side is typically accomplished at a much faster rate of 
change, than on the transmit side owing to the greater 
problem of reception and fading from the relative low power 

55 transmitters in the mobile units. 

Of course, other switching algorithms for both the trans- 
mit and receive channels are possible, and certainly those 
applicable to conventional cellular switching are good can- 
didates. 

6o Once the new channel (transmitter/receiver) assignment 
has been determined, system 860 switches the transmitters 
and receivers using switches 802 and 808, throu^i matrix 
switch drivers 875. 
As an alternative to the operation specified for program 

65 900 described above, channel (transmitter/receiver) zone 
assignments may be determined on a continual basis after 
each new frequency spectrum measurement is obtained. For 
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instance* program 900 of FIG. 38 may be modified by 
inserting steps 930 and 932 between step 920 and 924, and 
eliminating decision step 922, Thus, as described above, 
system 810 may complete an analysis of all channels in a 
given zone in under 2 ms. In a handoff system with 6 zones, 
all analysis can be done in under 12 ms. One advantage to 
such fast channel analysis is in the capability of base station 
receive diversity, which may improve signal quality in areas 
at the fringes of cell coverage or where signal is momen- 
tarily blocked on one zone. Since fading is a major problem 
in, for example, remote areas, the ability to quickly switch 
between receiver sources allows a form of diversity recep- 
tion using the antennas in different zones as "diversity" 
antennas for each other. 

A possible side advantage of fast analysis would be to 
accumulate statistical data on fading that might assist service 
providers in finding optimum antenna/microcell placement 

As mentioned above, microprocessor system 860 may 
optionally record the date and time of each measurement of 
the frequency spectrum of the digitized microcell traffic 
stream. Accordingly, a history of channel usage and signal 
strength within any given channel may be readily obtained, 
and later used for the purpose of reconfiguring the system, 
for example, by moving antenna units. Accordingly, the 
present invention further contemplates a method of record- 
ing the use of the channels within the zones and the 
corresponding signal strength, and later using this informa- 
tion to reconfigure the system 

As an alternate exemplary embodiment the system of 
FIG. 35 A (and FIG. 39 below) can be modified so that the 
digitized RF signal is carried to the zones over a switched 
telephone network, as for example illustrated in FIG. 30, or 
modified to transport the digitized RF over a cable system, 
as for example illustrated herein. 

In the alternate embodiment of FIG. 39A, base station 
114' is modified to provide all digital base station 114". All 
digital base station 114", like the system of FIG. 1LA uses 
a digital synthesizer 212' and digital demodulator 224 to 
replace the analog RF radio equipment in the base station. A 
Tl Interface 202 interfaces to MTSO 110, and applies a 
digital form of each telephone signal all control signal from 
the MTSO to each digital synthesizer 212 . Each synthesizer 
receives control signals from the controller 810* over line 
812*. Each digital synthesizer 212* is responsive to controller 
810* to create a synthesizer digital data stream for framing 
and transport to an associated unit 106 in a zone, so that any 
combination of the channels assigned to the cell can be 
broadcast in the cell. 

On the return path, the digitized sample 816 is taken from 
the demultiplexed digital data stream returning from the 
units 106, and supplied to controller 810\ The digital 
samples are obtained from the demultiplexer 221' in a like 
manner as described above with respect to FIG. 36. Con- 
troller 810 1 in turn uses the sample data as described above 
with respect to control 810 to control switching. Selector 
880 can be used to select the received signal for any desired 
channel from any one of demodulators 224, for application 
to Tl interface 202. Alternatively, selector/processor 880 is 
configured to process two or more of the incoming streams 
for each channel to create a reduced noise composite stream. 

An alternate embodiment of the system of FIG. 39A is 
illustrated in FIG. 39B. The system of FIG. 39B is similar to 
the system of FIG. 11B, in that the digital synthesizer 212"' 
receives an analog telephone signal input from radio con- 
troller 22, and operates like synthesizer 212* of FIG. 11B. 
Similarly, digital demodulator 224* operates like demodula- 
tor 224* of FIG. 11B, delivering an analog signal to radio 
controller 22. 
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Yet another two alternate embodiments of the system of 
FIG. 35 are shown in FIGS. 39C and 39D, which are 
modified in a manner similar to the systems of FIGS. 11C 
and 11D, so that transport is over the switched network and 

5 the synthesizer produces individual digitized channels for 
application to the network. 

Referring now to FIG. 40, there is shown yet another 
exemplary embodiment of the system of FIG. 35A, in this 
case modified to communicate through the switched tele- 

o phone network by replacing units 130" with a modified 
version 614" (modified to obtain the samples of the digitized 
traffic stream) of circuit 614 1 of FIG. 32B. In this 
embodiment, only those channels actually used in the 
antenna units 106 are transported to the units, saving band- 

5 width in the same way as system 614'. 

Referring to FIGS. 41A-C, there is illustrated other 
alternate exemplary embodiments of the passive handoff 
microcell system of the present invention. In the systems of 
FIGS. 41A-C, redundancy is achieved by arranging the 

0 microcell units 102 such that each area of the cell, or "macro 
celT, is covered by at least two microcell units. Accordingly, 
in the event of a failure of one of the units, the redundant 
microcells 103 are available to provide coverage in the area 
lost due to the failure. 

5 In FIG. 41 A, a macrocell 103 is covered by three primary 
microcells 102 and by three secondary microcells 105. In the 
example shown secondary microcells 105 are placed in a 
distribution similar to that of primary microcells 102 but 
rotated 45 degrees around the center of macrocell 103. It 
should be apparent mat other distributions could be used 
advantageously to provide similar redundant coverage. 

In normal operation, primary microcells 102 provide full 
coverage over macrocell 103. In case of a failure in one of 

5 the microcells 102, however, the two adjacent microcells 
105 can provide coverage over the region served by the 
failed primary microcell 102. In another embodiment, pri- 
mary microcells 102 provide primary coverage to first 
regions of macrocell 103 and secondary coverage to second 

0 regions of macrocell 103 while secondary microcells 105 
provide primary coverage to the second regions of macrocell 
103 and secondary coverage to the first regions. 

A second method of providing redundant coverage is 
illustrated in two embodiments shown in FIGS. 4 IB and C, 

5 respectively. In the embodiments shown in FIGS. 41B and 
41C, each microcell 102 is provided with two power levels. 
In normal operation, each microcell 102 is operated at die 
power level necessary to provide microcell 102 coverage. In 
cases where, however, a microcell 102 fails, adjoining 

3 microcells 102 are raised to a higher power level (shown as 
102'). As can be seen in FIGS. 41B and 41C, such an 
increase in power level provides coverage over the failed 
microcell 102. Although the microcells 102 of FIGS. 41A 
and 4 IB are shown divided into three sectors, it should be 

5 apparent that other sectorization, or no sectorization, can be 
used within the above-described redundancy scheme. 

Sectorization 

Sectorization will be discussed next 

) According to yet another aspect of the invention, the 
microcell system of the present invention may be used to 
replace the conventional base station transmitter 12 in a 
conventional cell as for example shown in FIG. 1A. In 
addition, as can be seen in FIGS. 41A and 41B, each 

5 microcell could be split into a number of sectors, each sector 
driven by a directional microcell antenna unit According to 
such embodiments, shown generally in FIG. 42, a sectorized 
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antenna unit 900 having a plurality of transmit and receive the digital optical signal to digital-to-analog converter unit 

antenna pairs 902 divides a micro or macrocell into a 932, the output of which is an analog RF signal represen- 

number of sectors. Each antenna pair 902 broadcasts and tative of all channels represented in the sectors serviced by 

receives using a different channel set For example, accord- the remote unit 904. The analog output of conversion unit 
ing to one preferred embodiment, a microcell 16 is divided 5 932 is applied to splitter 934, which splits the analog RF 

into three 120-degree sectors with one antenna pair 902 signal into N paths (where N=the number of sectors) cor- 

assigned to each sector Each antenna pair 902 utilizes ten responding to channels assigned to each of the antenna pairs 

tauma and receive channels for its sector with a 21 902 applies the analog RF to channel filter units 936. Each 

channel separation between channels within the sector. In antenna pair 902 has its own channel filter unit 936 to filter 

addiUon, ac^^ out G f the RF signals from splitters 934, those channels to be 

raided seven channel separation between channels, transmitted in me respective sector. lie output of channel 

between sectors. filter unit 936 is applied to an amplifier 938, which is in turn 

The antenna pairs 902 in each macrocell are supported by applied to a band pass filter 940, which passes only those 

a remote unit 904 which receives digitized RF for the channels within the band assigned to the particular sector, 
channels m all three sectors, and converts the digitized RF i5 The output of band pass filter 940 is applied to a transmitter 

into analog RF for transmission into the sectors covered by antenna 902a of antenna pair 902. Meanwhile, a receiving 

the antenna pairs 902. Remote units 904 further include antenna 902* of that antenna pair 902, receives RF signals 

analog-to-digital converters for digitizing RF received in predominantly from within the same sector, and appkelthe 

each sector, and for transmitting the digitized RF to the received signals to a band pass filter 942. Band pass filter 
sectonzedbase station units 906. Each of the sectorized base ^ 942 passes only those channels within the band, and applies 

station umts906 is connected to the MTSO 17, which in turn the filtered radio frequency signal to analog-to-digital con- 

is connected in turn to the switched telephone network 15. version unit 944, which converts the analog RF signal to a 

Each sectorized base station unit 906 includes radio corresponding digitized optical output signal at a unique 

frequency transmitters and receivers for each of the channel optical wavelength, for example, one of the optical wave- 
sets used in each of the sectors of the macrocell, and 25 lengths noted above. Each of analog-to-digital conversion 

digital-to-analog and analog-to-digital conversion units for units 944 may be of generally the same design shown with 

transmitting digitized RF to the remote units and for receiv- respect to unit 102 shown in FIG. 8. The optical outputs of 

ing digitized RF and applying it to the receiver units. each of the units 944 is applied to optical combiner 946, 

Sectorized base station units 906 are preferably connected to which in turn applies its output to wave division multiplexer 
remote units 904 over a single fiber optic link 905 using 30 930. Digital-to-analog conversion units 932 are preferably 

wave division multiplexing as described above, although of generally the same design shown with respect to unit 130 

separate transmit and receive links could be used if desired. in FIG. 4. 

Referring now to FIG. 43, there is shown in more detail Referring now to FIG. 45, there is shown in more detail 

a sectorized base station unit 906. Each sectorized base one of channel filter units 936. Each unit 936 preferably 

station unit 906 includes a radio controller 22 for each of the 35 includes a linear programmable pre-amplirier 950, which is 

sectors serviced by the base station unit 906. Each of the used to provide the gain needed to compensate for the losses 

radio controllers 22 are connected to the MTSO 17. A of the splitters and combiners. The output of amplifier 950 

corresponding number of transmitter and receiver banks 912 is applied to splitter 952, which splits the analog signal into 

are provided, each with a plurality of transmitters and M paths (where M=the number of transmit channels 

receivers. Preferably, according to the exemplary embodi- 40 assigned to a sector) a plurality of paths. Each path in turn 

ment shown herein, each bank 912 includes ten transmitters passes through a narrow band filter 954 tuned to the par- 

andten receivers. Hie output of the transmitters of each bank ticular channel Each narrow band filter 954 is preferably 

912 is combined and applied to analog-to-digital conversion programmable, and designed to maintain a bandwidth of 30 

unit 914, which may be of a design similar to those described KHz over temperature. Preferably, this is accomplished by 

hereinabove, for example as shown in FIG. 4. Analog-to- 45 first downconverting the required RF channel to a 70 MHz 

digital conversion unit 914 digitizes and frames the digitized IF signal. The 70 MHz signal is then passed througi a crystal 

RF, and applies an optical output to wave division multi- filter in a manner known in the art to achieve the narrow 

plexer 916, which is in turn connected to fiber 905. At the filtering required. The IF frequency is then upconverted to 

same time, optical information received from remote unit the required RF frequency. Preferably, the frequency is 

904 is applied through wave division multiplexer 916 to an 50 microprocessor controlled, and the RF frequency can be set 

optical filter 918 which filters out the signal received from in 1 Hz increments to the required frequency using a 

remote units 904 as distinct optical wavelengths, for computer, such as a laptop unit. Frequency stability is 

example in the case of a three sector system, wavelengths of preferably achieved using a clock recovered from the 

1520, 1550, and 1580 nm can be used. Each of the filtered, encoded signal sent over fiber link 905. Ideally, narrow band 

separate wavelengths is applied to the input of one or more 55 filter 954 should be narrow enough mat an adjacent channel 

digital-to-analog conversion units 920, which demultiplex within the sector will be greater man 50 dB down a master 

and convert from digital-to-analog form RF signals received clock generated at base station unit 906. The output of each 

from the remote units 904, for each of the sectors serviced of the narrow band filters 954 is applied to a combiner 956, 

by the remote unit 904. The analog output of digital-to- which in turn provides its output to the amplifier 938. In the 

analog conversion units 920 is applied to the respective eo exemplary embodiment of the present invention, amplifier 

receivers in each bank 912. 938 preferably constitutes a 25 watt PA. 

Referring now to FIG. 44, there is shown in more detail In the preferred embodiment frequency offset will be 

a remote unit 904. Each remote unit 904 includes a wave minimized by synchronizing remote unit 904 with sectorized 

division multiplexer 930 connected to fiber 905. Wave base station unit 906. In one such embodiment, sectorized 

division multiplexer 930 receives from sectorized base sta- 65 base station unit 906 transports the RF spectrum by down- 

tion unit 906 the digitized optical signal carrying the chan- converting from RF to an IF (in, for example, the 0-30 MHz 

nels of all sectors serviced by remote unit 904, and applies range), and then digitizing. After being transported to the 



